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PREFACE 


This  final  report  was  submitted  by  the  University  of  Dayton  Research  Institute  (UDRI)  un¬ 
der  Contract  No.  F33615-87-C-2767,  sponsored  by  the  U.S.  Air  Force  Wright  Laboratory,  Aero 
Propulsion  and  Power  Directorate,  Wright-Patterson  Air  Force  Base  OH.  Dr.  W.  M.  Roquemore 
of  WL/POSF  was  the  Air  Force  Technical  Monitor;  Dr.  D.  R.  Ballal  of  the  Applied  Physics 
Division,  UDRI,  was  the  Principal  Investigator;  and  Dr.  E.  H.  Gerber,  Head  of  the  Applied 
Physics  Division,  UDRI,  was  the  Project  Supervisor  of  this  research  program.  This  report  covers 
work  performed  during  the  period  September  1 1,  1987  through  September  30,  1992. 

The  Principal  Investigator  wishes  to  cxpre.ss  his  gratitude  and  appreciation  to  Dr.  W.  M. 
Roquemore,  for  his  encouragement  and  support;  to  Ms.  Ruth  Rodak,  UDRI,  for  technical  editing; 
and  to  Ms.  W.  Barnes,  UDRI,  for  report  preparation. 


1.  INTRODUCTION 


A  long-term  goal  of  the  Air  Force  is  to  develop  near-stoichiometric  gas  turbine  combustors 
that  will  bum  broad-specification  fuels,  and  have  low  maintenance  and  high  durability.  Towards 
meeting  this  goal,  this  program  had  two  principal  objectives:  (1)  to  design  and  conduct  experi¬ 
ments  that  will  establish  a  fundamental  understanding  of  lean  blowout  (LBO),  swirling  fiames, 
kinetically  controlled  combustion,  and  turbine  blade  cooling,  and  (2)  to  provide  data  sets  for 
evaluating  and  refining  computer  models  of  gas  turbine  combustor. 

In  this  final  report,  we  present  the  Combustion  Data  Sets  that  may  be  u.sed  by  modelers  in 
the  industry  and  other  laboratories  for  evaluating  and  refining  computer  models  of  gas  turbine 
combustor.  These  data  sets  are  for  three  different  technical  tasks;  (1)  Step  Combustor  Task,  (2) 
Bluff  Body  Combustor  Task,  and  (.'!)  Swirl  Combustor  Task.  More  exhaustive  information  is 
available  in  the  individual  papers  listed  in  this  report.  All  the  data  sets  were  prepared  using 
Microsoft  Excel  V.4.0  for  IBM  PC-Compatible  computers  and  are  available  on  computer  dis¬ 
kettes. 

These  data  sets  were  obtained  in  the  Fundamental  Combustion  Laboratory  located  in 
Building  490,  Test  Cell  153,  of  the  Fuels  and  Lubrication  Division  (WL/POSF).  This  test 
facility  is  equipped  with  a  turbulent  fiame  burner  located  under  an  exhaust  hood,  a  three- 
component  LDA  system  for  velocity  measurements  and  a  CARS  .system  for  temperature 
measurements.  This  .setup,  which  was  common  to  all  the  tests,  was  u.sed  to  supply  fuel  and  air  to 
(1)  a  step  combu.stor,  (2)  a  bluff  body  combu.stor,  and  (3)  a  swirl  combu.stor.  Numerous  tests 
were  perlbrmed  to  measure  lean  blowout,  back-pre.ssure  effects,  flame  stability,  local  flame  ex¬ 
tinction,  name-vortex  interaction,  velocity  and  temperature  profiles,  and  turbulence  quantities  of 
interest  to  modelers.  Section  2  lists  the  relevant  publications  and  reports.  Section  3  de.scribes  the 
facilities  and  test  conditions,  and  Section  4  pre.sents  .selected  data  .sets. 


2.  LIST  OF  RELEVANT  PUBLICATIONS 
2. 1  Publications 

[  1 J  G.  J.  Sturgcss,  A.  L.  Lesmcriscs,  S.  P.  Heneghan,  M.  D.  Vangsness,  and  D.  R.  Ballal, 
"Isoihcrmal  Flowficlds  in  a  Research  Combustor  For  Lean  Blowout  Studies,"  Paper  No.  91-GT- 
yi ,  ASME,  Journal  of  Engineering  for  Gas  Turbines  and  Power,  1991 . 

1 2)  G.  J.  Sturgcss,  A.  I>.  Ix\smerises,  S.  P.  Heneghan.  M.  D.  Vangsness,  and  D,  R.  Ballal,  "Lean 
Blowout  in  a  Research  Combustor  at  Simulated  Low  Pressures,  "  Paper  No.  91-CiT-.'^59,  ASME, 
Journal  of  Engineering  for  Gas  'turbines  and  Power,  1991. 

13)  G.  J.  Sturgcss,  S.  P.  Heneghan,  M.  D.  Vang.sne.ss,  D.  L.  Shouse,  A.  L.  Lcsmcri.sc's,  and  D.  R. 
Ballal,  "Effects  of  Back  Pre.ssure  in  a  Lean-Blowout  Re.search  Combustor,"  Accepted  for  AWE, 
Journal  of  Engineering  for  Gas  Turbines  and  Power,  1992. 

14)  G.  J.  Sturge.ss,  A.  L.  Lesmeri.ses,  S.  P.  Heneghan.  M.  D.  Vang.sne.ss,  and  D.  R.  Ballal,  "Flame 
Stability  and  Lean  Blowout  in  a  Re.search  Combustor,"  Proceedings  of  the  Tenth  International 
Symposium  on  Air  Breathing  Engines,  Nottingham.  U.  K..  pp.  372-384,  September  1991 . 

(5|  J.  C.  Pan,  W.  J.  Schmoll,  and  D.  R.  Ballal.  "Turbulent  Combustion  Properties  Behind  a 
Conical  Stabilizer,"  Paper  No.  9()-GT-5 1 ,  ASME,  Journal  of  Engineering  for  Gas  Turbines  and 
Power,  1991. 

|6|  J.  C.  Pan,  M.  D.  Vang.sne.ss,  and  D.  R.  Ballal,  "  Aerodynamics  of  Bluff-Body  Stabilized 
Confined  Turbulent  Premixed  Flames,"  Paper  No.  91-GT-218,  ASME,  Journal  of  Engineering 
for  Gas  Turbines  and  Power,  1991. 

|71  J.  C.  Pan,  M.  D.  Vang.snes.s,  S.  P.  Heneghan,  and  D.  R.  Ballal,  ".Scalar  Measurements  in  Bluff- 
Body  Stabilized  Flames  Using  CARS  Diagnostics,"  Paper  No.  9l-GT-.3{)2,  ASME,  Journal  of 
Engineering  for  Gas  Turbines  and  Power,  1991. 

[81  J.  C.  Pan  and  D.  R.  Ballal,  "Chemistry  and  Turbulence  Effects  in  Bluff-Body  Stabilized 
Flames,"  AlAA  Paper  No.  92-077 1 .  Submitted  to  AIAA  Journal  of  Propulsion  and  Power. 

[9)  F.  Takahashi,  W.  J.  Schmoll.  and  M.  D.  Vang.sne.s.s.  "EffecLs  i)f  Swirl  on  the  Stability  and 
Turbulent  Structure  of  Jet  Diffusion  Flames,"  Paper  No.  AIAA  9()-(K)36.  28th  Aerospace 
Sciences  Meeting,  January.  1990,  Reno  NV. 

[101  F.  Takahashi  and  W.  J.  Schmoll,  "Lifting  Criteria  of  Jet  Dilfusion  F'lame.s,"  Twenty-Third 
Symposium  (fnt.)  on  Combustion,  The  Combustion  Institute.  Pittsburgh  PA,  pp.  677-683,  1991. 


1 


f  1 1  ]  F.  Takahashi,  M.  D.  Vangsncss,  and  V.  M.  Bclovich,  "Conditional  LDV  Measurements  in 
Swirling  and  Non-Swirling  Coaxial  Turbulent  Air  Jets  for  Model  Validation,"  Paper  No.  AlAA- 
92-0580,  AIAA  30th  Aerospace  Sciences  Meeting,  Reno  Nevada,  January  6-9,  1992. 

[12)  F.  Takahashi  and  L.  P.  Go.s.s,  "Near-Field  Turbulent  Structures  and  the  Local  Extinction  of 
Jet  Diffusion  Flames,"  Twenty- Fourth  Symposium  (Int.)  on  Combustion,  The  Combustion 
Institute,  Pittsburgh  PA,  1992. 

[13]  D.  R.  Ballal,  S.  P.  Heneghan,  W.  J.  .Schmoll,  F.  Takahashi,  and  M.  D.  Vang.sness, 
"Combustion  and  Heat  Transfer  Studies  Utilizing  Advanced  Diagnostics;  Combustion  Studies" 
Report  WL-TR-92-21 10,  Wright  Laboratory,  Wright-Patterson  Air  Force  Base  OH,  November, 
1992. 

2.2  UDRI  Reports 

[1]  J.  C.  Pan,  "La.ser  Diagnostic  Studies  of  Confined  Turbulent  Premixed  Flames  Stabilized  by 
Conical  Bluff  Bodies;  Vol.  I;  Theory  and  Experiments,"  UDR-TR-91-101,  Ph.  D.  Dissertation, 
University  of  Dayton,  Dayton,  OH  July  1991. 

1 2}  J.  C.  Pan,  M.  D.  Vangsness,  S.  P.  Heneghan,  W.  J.  .Schmoll,  and  D.  R.  Ballal,  "Laser 
Diagnostic  Studies  of  Confined  Turbulent  Premixed  Flames  Stabilized  by  Conical  Bluff  Bodies; 
Vol.  II;  Data  Set,"  UDR-TR-9 1-102,  University  of  Dayton,  Dayton  OH,  July  1991. 

|3|  F.  Takaha.shi  and  M.  D.  Vangsnc.s.s,  "LDV  Measurements  in  Swirling  and  Non-Swirling 
Coaxial  Turbulent  Air  Jets:  Report  1;  No  Swirl,  1(K)  m/s,"  UDR-TR-9 1-160,  University  of 
Dayton,  Dayton  OH,  April  1991. 

[4]  F.  Takaha.shi  and  M.  D.  Vaiig.sne.s,s,  "LDV  Measurements  in  Swirling  and  Non-Swirling 
Coaxial  Turbulent  Air  Jets:  Report  2:  No  Swirl,  25  m/s,"  UDR-TR-9 1-1 61,  University  of 
Dayton,  Dayton  OH,  May  1991. 

15)  F.  Takahashi,  M.  D.  Vangsness,  and  V.  M.  Bclovich,  "LDV  MeasuremcnLs  in  Swirling  and 
Non-Swirling  Coaxial  Turbulent  Air  Jets;  Report  3:  .30-degree  Swirl,  1(X)  m/s,"  UDR-TR-9 1- 
162,  University  of  Dayton,  Dayton  OH.  July  1991. 

16)  F.  Takaha.shi,  M.  D.  Vangsne.ss,  and  V.  M.  Bclovich,  "LDV  Measurements  in  Swirling  and 
Non-Swirling  Coaxial  Turbulent  Air  JcLs:  Report  4;  30-degree  Swirl,  1(X)  m/s,"  UDR-TR-91- 
16.3,  30-degree  Swirl,  25  m/s,"  University  of  Dayton,  Dayton  OH,  August  1991. 


3.  DESCRIPTION  OF  TEST  FACILITY 


The  Fundamenlal  Combustion  Laboratory  is  located  in  Building  490,  Test  Cell  153.  of  the 
Fuels  and  Lubrication  Division  (WL/POSF).  This  test  facility  is  equipped  with  a  turbulent  llame 
burner  located  under  an  exhaust  hood.  On  one  side  of  the  burner  is  an  optics  table  on  which  a 
three-component  LDA  system  is  assembled;  on  the  other  side  is  another  optical  table  which  bears 
the  CARS  system.  A  breadboard  optics  table  and  a  U-channel  support  structure  are  listed  to  bind 
the  two  large  optics  tables.  This  .smaller  table  has  a  .square  cutout  through  which  the  burner 
working  .section  protrudes.  The  optical  integration  of  LDA  with  the  CARS  .system  can  he  per- 
fonned  on  this  breadboard  table. 

The  turbulent  flame  burner  is  mounted  on  a  three-axis  traversing  platform  and  is  connected 
to  a  high-prc.ssure  (1 10  p.sia)  airflow  delivery  .sy.stem.  An  intricate  piping  network  is  designed  to 
supply  large  quantities  of  ga.scous  fuels  such  as  propane,  methane,  hydrogen,  and/or  inert  ga.ses 
.such  as  nitrogen,  carbon  dioxide,  argon,  and  helium  to  the  burner.  Both  the  airflow  and  the  fuel 
flow  are  accurately  monitored.  An  exhaust  hood  routes  the  products  of  combustion  out  of  the 
test  cell.  Finally,  this  te.st  facility  is  well  equipped  with  fire  and  laser  .safety  features,  utilities, 
and  climate  control  .sy.stems.  A  powerful  and  dedicated  MODCOMP/MODAC  computer  and 
many  data  acquisition  computers  are  u.sed  to  operate  the  facility,  and  to  record  and  analyze  data. 

3.1  Step  Combustor 

Figure  I  shows  a  .schematic  diagram  of  the  step  combustor.  This  re.search  combu.stor  con¬ 
sists  of  a  29-mm  i  d.  central  fuel  jet  of  ga.seou.s  propane  surrounded  by  a  40-mm  i.d.  coaxial  air 
jet  located  in  a  150-mm-diameter  (nominal)  circular  cross  .section.  This  arrangement  creates  a 
reactive  shear  layer,  similar  to  that  of  a  practical  combu.stor,  in  which  combu.stion  is  initiated.  A 
perforated  conical  baffle  inserted  five  diameters  upstream  of  the  fuel  lube  serves  to  acoustically 
i.solate  the  fuel  supply  from  the  combu.stion  proce.s.s.  The  duct  is  closed  at  its  forward  end  to 
yield  a  55-mm-wide,  backward- facing  .step.  This  step  provides  two  in.side-oul  recirculation 
ones  that  .stabilize  the  flame.  Also,  the  duct,  which  has  an  overall  length  of  735  mm.  is 
restricted  at  its  di.scharge  end  by  an  orifice  plate  of  45  percent  exit  blockage  ratio.  This  simulates 
the  hack  pressure  provided  by  an  array  of  radial  air  jets  at  the  end  of  the  primary  zone.  The  step 
eombustor  is  mounted  vertically  on  a  turbulent  flame  burner  de.scribed  above.  The  combination 
c)f  combu.stor  and  its  extension  chimney  yields  (L/D)  ratios  of  3. 1 7,  4.9,  and  6.5,  respectively. 

3.1.1  Test  Conditions.  Air  was  supplied  to  the  combu.stor  in  the  5  l()-Kg/hr-to-4,9(X)-Kg/hr 
range  at  atmo.spherie  pressure.  The  combu.stion  laboratory  provides  ga.seou.s  propane  and 
methane  fuels  up  to  20  Kg/hr.  Ignition  of  the  combu.stor  was  salisfaelorily  accomplished  in  the 
recirculation  zone  with  a  small  propane  torch  igniter  attached  to  the  side-plate  fitting.  Upon  suc¬ 
cessful  ignition,  the  torch  igniter  was  removed  and  the  fitting  was  capped. 
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3.2  Bluff  Body  Combustor 

Figure  2  shows  the  test  rig  empU)yed  for  ihcsc  exp  imenls.  Several  slainless-steel  eonical 
name  siabili/i^rs  were  manufaetured  including  two  base  diameters,  4.44  cm  and  18  cm  and  cor¬ 
responding  to  25  and  1."^  percent  blockage  ratios,  respectively;  and  four  apex  angles,  0  =  30,  45, 
60,  and  90  degrees.  Each  stabili/cr  was  mounted  coaxially  in.side  a  8-cm-x-8-cm-x-28.4-cm  test 
section  with  rounded  comers  and  four  5.64-cm-x-25.4-cm  cut-ouLs  for  quart/,  windows.  This  te.st 
section  was  mounted  on  a  vertical  combustion  tunnel  described  above.  Different  turbulence 
grids  could  be  in.serted  5.8  cm  upstream  of  the  ba.se  of  the  conical  bluff  body.  Measurements  of 
turbulence  quantities,  temperature,  and  mean  wall-.static  pre.ssure  were  performed  downstream  of 
the  confined  conical  fiame  .stabili/er,  u.sing  a  two-component  LDA,  CARS  .system,  and  precision 
micromanometcr,  respectively. 

3.2.1  Test  Conditions.  Premixed  methane-air  fiames  were  studied  in  our  experiments.  The 
mean  annular  v(^ocities  ^ere  10.  15,  and  20  m/s  which  covered  a  range  of  Reynolds  number 
from  Re  =3x10  to  6x10  .  Four  different  equivalence  ratios,  0.56,  0.65, 0.8, 0.9,  were  te.sted,  cor¬ 
responding  to  adiabatic  flame  temperatures  of  1590  K,  1755  K,  1990  K,  and  2130  K, 
respectively.  The  inlet  turbulence  inten.sity  level  was  varied  from  2  percent  to  22  percent  by 
using  different  grids. 

3.3  Swirl  Combustor 

Figure  3  shows  the  .schematic  of  a  swirl  combustor.  This  combustor  uses  an  arrangement 
of  coannular  .swirling  air  and  central  fuel  jets  confined  by  a  cofiowing,  non.swirling  airfiow  with 
a  unifoiTn  velocity  di.stribution.  In  this  combu.stor,  a  turbulent  .swirling  jet  diffusion  llame  is  sta¬ 
bilized  at  the  mouth  of  the  central  fuel  tube.  The  central  fuel  tube  (9.45-mm  i.d.,  0.2  mm  lip 
thicknes.s,  and  806-mm  length)  is  made  cd' .stainle.ss  .steel.  It  is  placed  concentrically  at  the  center 
of  the  outer  annular  air  tube  (26.92-mm  i.d.,  769-mm  length).  Three  fuel  tubes  with  lip  thick- 
ne.s.ses  of  0.2,  1.2,  and  2.4  mm  were  u.scd.  Both  the  tubes  are  centered  inside  a  vertical 
combustion  chimney  (150  mm  x  150  mm  x  483  mm)  with  85-mm-radiu.s  rounded  comers.  The 
chimney  has  quartz  windows  (76  x  457  mm)  on  all  sides  to  perniit  visual  ob.servation  and  la.ser 
diagnostics  A  helical  swirler  unit  is  placed  in  the  annular  air  lube,  96  mm  upstream  of  the  tube 
exit  to  ensure  that  disturbances  caused  by  its  vanes  vanish.  Four  swirlers  (26.9  mm  long)  with 
various  vane  helix  angles  ( 15,  30.  45.  and  60  degrees)  and  one  straight  vane  .section  with  a  zero 
helix  angle  were  designed. 

3.3.1  Test  Conditions.  All  tests  were  perfiirmed  at  room  temperature  and  atmospheric  pre.ssure. 
The  fuel  jet.  air  jet,  and  the  external  following  stream  velocities  were  up  to  30  m/s,  10  m/s,  and 
0.5  m/s,  respectively.  The  llame  stability  limits  were  measured  as  follows.  For  a  fixed  annular- 
and  collowing-air  How  rales,  the  fuel  Ilow  rate  was  increased  gradually  until  the  flame  attached 
to  the  biimer-rim,  lifted  above  the  burner,  or  simply  extinguished  (hlowojf).  Now,  at  the  lift  con¬ 
dition,  fuel  Ilow  was;  (I )  decrea.sed  until  the  llame  re-attached  to  the  burner-rim  (drophack),  or 
(2)  increa.sed  until  the  lifted  llame  extinguished  {blowout). 


A  throe-CDmpDncnt  LDA,  CARS,  and  Mii'  scalteiing  sy'-'cms  uciv  used  l\>r  a  variety  nl' 
condiliDticd  and  unconditioned  measurements  ol  mean  and  lurhuienl  quantities.  For  a  .set  ol 
values  of  jet,  annulus,  and  external  velocity,  measurements  extending  up  to  M  jet  diameters  were 
made  at  a  large  number  ol  radial  locations  up  to  +  .C2  jet  diameters. 

3.4  Error  Analy.ses 

3.4.1  Precision  and  Accuracy:  In  proce.ssing  the  LDA  Doppler  burst  signal,  typi'  ally  a 
total  of  2  cycles/burst  are  requested  and  the  spurious  data  are  filtered  by  using  'he  ?io  test.  The 
error  in  rms  velocity  was  le.ss  than  3  percent  and  uncertainty  in  mean  velocity  was  less  than  I 
percent  at  a  95  percent  confidence  limit.  However,  in  recirculatory  and  reactive  Hows,  the 
velocity  statistical  biasing  was  worst.  We  found  that  the  mean  values  can  be  overestimated  up  to 
7  percent  and  the  rms  values  underesiim.sred  up  to  5  percent  I'or  turbulence  intensity  levels  above 
20  percent.  The  flow  rates  calculated  from  integrating  the  velocity  profiles  were  5  percent  or 
le.ss  than  the  measured  flow  rates.  This  difference  is  partly  attributed  to  the  pltis-or-minus  1  per¬ 
cent  measurement  accuracy  of  the  mass  How  controller.  To  eliminate  velocity  biasing  due  to 
nouuniform  .seeding,  a  conditional  data  .sampling  technique  was  u.scd  by  seeding  particles  into 
only  the  fuel  jet  or  the  annular  collowing  air.  This  type  of  technique  allowed  us  to  track  the  con¬ 
vection  and  diffusion  of  one  (.seeded)  fluid  into  another  (un.seeded)  lluid. 

3.4.2  CARS  Precision  and  Accuracy 

Usually,  5(K)  samples  were  taken  for  each  CARS  measurement  to  ensure  that  the  enor  in 
the  rms  temperature  was  le.ss  than  10  K,  while  1500  samples  were  taken  in  the  llamc  region 
where  the  rms  values  were  expected  to  be  large.  Overall,  we  estimated  the  CARS  mean  tempera¬ 
ture  measurement  accuracy  to  be  within  50  K,  while  the  precision  was  well  within  20  K.  Unlike 
the  LDA,  CARS  temperature  measurements  are  time-averaged,  without  density  biasing  effects. 
Wc  also  di.scovered  that  once  system  parameters  are  optimized  and  the  dye  la.ser  is  tuned,  the 
CARS  system  can  run  lor  long  perit)ds  of  time.  la'r  example,  we  obtained  repeaUtbility  to  within 
20  K  tor  a  mean  fhune  temperature  of  l,5(M)  K  aftci' four  days  of  operation. 
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Figure  I.  Schematic  diagram  of  a  step  combustor 
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Figure  2.  Schematic  diagram  of  a  bluff  body  combustor 
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Figure  3.  Schematic  diagram  of  a  swirl  combustor 
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INDEX  TO  DATA  SET  TABLES 


Restriction  Chimney 


3",  4".  5", 

none 

none,  4TH 

3",  5",  none. 

long 

4TH 

none 

long 

3" 

long 

4TH,  none 

long 

5",  4TH.  5TH, 

long 

none 

3",  4”,  3TH 

long 

5",4TH,  5TH, 

short 

none 

4TH 

short 

none 

short 

4TH 

short 

4TH 

short 

none,  5TH 

long 

4TH 

long 

3",  3TH, 

long 

none 

short 

5",4TH,5TH, 

short 

none 

short 

none 

short 

4" 

short 

4" 

short 

none,  4" 

short 

4" 

short 

4" 

short 

4" 

short 

5" 

short 

5" 

short 

5" 

short 

5" 

short 

5" 

short 

none 

none 

none 

none 

5" 

none 

4" 

short 

Fuel  (F)  Air  (A) 


18-94 

30-130 

20-80 

30-130 

54-145 

100-280 

54-145 

100-280 

51-256 

100-450 

150-225 

275410 

140-225 

240-225 

160-225 

272-410 

136-245 

250-400 

100-240 

200400 

109-176 

175-300 

169-253 

300400 

0-225 

100400 

0-225 

100400 

0-225 

100400 

0-225 

100400 

0-225 

100400 

0 

100-200 

100-180 

100-175 

0 

100-200 

100-180 

100-200 

100-180 

100-150 

150-420 

225 

208-310 

225 

220-280 

225 

208-280 

225 

160-389 

225 

150-420 

225 

1 16-208 

115-185 

166-236 

185-205 

70 

100 

140 

100 

2 

200 

150, 330 

90 

92. 175 

120 

Nitrogen 

Data  Type 

(N) 

0 

LBO 

0 

LBO 

0 

LBO 

0 

LBO 

0 

LBO 

0 

LBO 

0 

LBO 

0 

LBO 

250400 

Dilute  LBO 

0-300 

Dilute  LBO 

0 

LBO 

0400 

Dilute  LBO 

0 

Pressure 

0 

Pressure 

0 

Pressure 

0 

Pressure 

0 

Pressure 

0-236 

Pressure 

0 

Pressure 

0-236 

Pressure 

0 

Pressure 

0 

Wall  Temp. 

0 

Pressure  and 

Wall  Temp 

800-1000 

Pressure  and 

Wall  Temp 

1200-1320 

Pressure  and 

Wall  Temp 

1000-1200 

Pressure  and 

Wall  Temp 

400-800 

Pressure  and 

Wall  Temp 

0 

Pressure  and 

Wall  Temp 

0 

Pressure  and 

Wall  Temp 

0 

Pressure  and 

Wall  Temp 

0 

CARS 

0 

CARS 

0 

CARS 

0 

CARS 

0 

CARS 

LDA 

LDA 

LDA 

LDA 

LDA 

LDA 

LDA 

4" 

4" 

none 


short 

short 

short 


No  window  section,  fiKl  tube  symmetry  check  only 
4"  short 

No  window  section,  fuel  tube  symmetry  check  only 
none  short 

none  short 


Table  # 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
11 
12 

13 

14 

15 

15 

16 
17 

17 

18 
18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 


II 


Table  1 


Restriction 

5“ 

Restriction  i  3" 

Restriction  j  none 

sonic  disruptor 

no 

sonic  disruptor  no 

i  sonic  disruptor  no 

flow  regulator 

2 

flow  regulator  i  2 

flow  regulator  1  2 

0.61 _ 3^6 _ K 

0.60  '  34.2  I  __K 

0.62  "  “34.7^  r  _5C 

0.62  1 _ 69.7 _ ^ 

0^  _ _ 73.5  9( 

0.65" _ 74  "I'  9( 

0.61  JX7  13 

oreO  '|'"l03.5  I  13 

'0.~59'  104.8  13 

0.58  [  '  ; 

0.58  Restriction 


sonic  disruptor 
flow  regulator 


F 


18.7 

18.8 

31.5 

30.5 


31.8 


0.643533 

0.643533 


0.69776 

0.67032 

0.68012 

0>58956 

0.800333 

0.805778 

0.761385 

0.780231 

0.790031 


no 

2 


<1> 


0.610867 


0.614133 


0.6174 


0.5978 


0.62328 


0.629378 
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Table  2 


Restriction 


chimney  length 


flow  regulator 


Restriction 
chimney  length 
I  flow  regulator 


i  4TH 

T _ 

2 


Restriction 


chimney  length 
flow  regulator 


Fuel  vs.  Air  (meter  readings) 


■  3" 

□  4TH 
♦  5" 
o  none 


Table  3 
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Table  4 


Restriction 

3"  1 

Restriction 

chimney  ienoth 

long 

chimney  iength 

long 

fiow  reguiator 

2 

flow  regulator 

4 

F 

A 

O 

F 

A 

O 

54 

100 

0.53 

100 

0.58 

74 

140 

0.52 

mEm 

120 

0.55 

93 

180 

0.51 

74 

140 

0.52 

102 

200 

0.50 

85 

160 

0.52 

116 

220 

0.52 

94 

180 

0.51 

127 

240 

0.52 

106 

200 

0.52 

136 

260 

0.51 

117 

220 

0.52 

145 

280 

0.51 

240 

0.53 

138 

260 

0.52 

1 

Fuel  vs.  Air  (meter  readings) 
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Table  5 


Restriction 

4th 

Restriction 

none 

chimney  iength 

long 

chimney  length  |  long 

flow  regulator 

4 

flow  regulator 

3 

F 

A 

<I> 

F 

A 

(D 

100 

0.50 

60 

0.59 

150 

0.51 

85 

150 

0.56 

106 

200  ^ 

0.52 

111 

200 

0.54 

^^9 

0.53 

137 

^  250 

0.54 

300 

0.51 

165 

0.54 

172 

330 

0.51 

350 

0.53 

r  220  1 

400 

256 

450 

Fuel  vs.  A]r  (meter  readings) 


■  Regulator  4 
°  Regulators 


sis 


Table  6 
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Table  7 


Fuel 


Table  8 


Restriction 

none  1 

Restriction  5TH 

chimney  length 

short 

chimney  length  j  short 

flow  regulator 

4 

flow  regulator  1  4 

225 


225  _ 3^ 

201  360 

165  [  290 


168 

300 

208 

370 

166 

300 

150  i 

275 

225 

390 

225  1 

395 

Restriction 
chimney  length 
tiovf  reoulator 


F 


150 


175 


_ 200 

223 


I  Restriction  _ 

I  chimney  lenath 
Itiow 


400 

0.55 

382 

0,54 

Fuel  vs.  Air  (meter  readings) 


a  5TH 


4TH 


0  50  100  150  200  250 

Fuel 
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Table  9 


Table  10 


Table  1 1 


Table  12 


Table  13 


Restriction 

none  i 

j 

Chimney  length 

long  ! 

1  i 

i 

F 

i  A 

P1-P3 

P1-P4 

P1-P5 

0 

^  100 

i  0.01  ! 

!  002 

0.01 

0 

200 

'  0.03  i 

0.05 

!  0.03 

0 

300 

0.06  i 

0.08 

f  0.07 

0 

400 

1  0.08  ; 

0.13 

f  0.1 

100 

100 

i  0  : 

0 

0 

100 

^  150 

1  0  1 

i  0.01  ’ 

'  0.01 

150 

!  200  i  0.02  ’ 

0.02  ; 

'  0.03 

150 

1  250 

1  0.02  I  0.03 

0.05 

200 

1  250  1 

!  0.02  i 

0.02  ^ 

-0.01 

200  ! 

300 

0.03 

0.04  1 

0.07 

200 

i  350 

0.03 

0.06 

0.1 

225 

350 

0.03  ^ 

;  0.05  I 

0.1 

225 

375 

0.04 

I 

0.11 

225 

400 

0.12 

— i 

Restriction 

5TH  1 

I  I 

I  I 

1 

1 

Chimney  length 

long  i 

.j 

L  .... 

F 

I  A 

P1-P3  j 

P1-P4 

!  P1-P5 

0 

i  100 

0.01  i 

1  0.01 

o^i 

0 

‘  200 

0.03  i 

0.03 

0.03 

0 

1  300 

0.05  : 

!  0.08 

0.06 

0 

1  400  1 

i  0.04  i 

r  013 

1  0.09 

100 

100  1 

I  °  i 

0.01  ! 

-0.01 

100 

[  150  1 

^  0.01“  1 

^  0.02 

0.02 

150  1 

200  1 

0.01  ' 

0.05  ! 

0.05 

150  i 

2^  1 

i  0.02  i 

0.04  i 

i  0.05 

200 

I  250  i 

200  I 

300  I 

^  0.02  ; 

0  1 

0.07 

200  I 

350 

0.04 

0.06  1 

0  1 

225  ; 

350  I 

I 

0.06  ! 

0  1 

225  ; 

375  ! 

I 

225  I 

400  ! 

Table  14 


Table  15 


Restriction 

1  r 

Chimney  length 

i  loi 

F 

!  A  PI  P3 

1  P1-P4 

1  P1-P5 

<'■ 

100  ' 

1  0.01 

j  002 

'  0.01 

0 

200 

f  0  03  J 

0.05 

0.03 

0  J 

300 

‘  0.07 

0.1 

i  0.07 

0  i 

1  400 

I  0.09  i 

i  0.13 

0.11 

100  I 

100 

0 

0 

-0.01 

100 

i  150 

1  0.01 

0.01 

[  0.015 

150  i 

200  J 

0.01 

0.02  ; 

0.03 

150  1 

250 

;  0'.025  i 

i  0.0’3  i 

i”  0.05 

'  '-0  1 

300  ' 

i  0.025  1 

1  0.04 

0.07 

200 

350 

0.04 

0.055  ; 

0.04 

! 

1 

I 

Restrictiol 

1 

3TH  i 

i 

Chimney  length 

short 

1 

- 1 

P1-P3 

i  P1-P4 

1  P1-P5 

_ 0 _ _ 100 

_ ^ _ _  200 

_  300 

__0 _ J  400 

__  Jpo  _  100~ 

_  Jpo  _  _ 150 

'  150  _ _ 2^" 

150 "  275 

'200  ~|  3M 
_ 225  "'I  400" 

Restriction 


_0.0_1 

6.03 " 

JCT07 

OJ 

-pie 

0.02 

p05_ 

0.06 

0.095 


rail 

Q 

railiT; 

pIot 

[iK 

1^ 

R|K 


P1-P3 


P1-P4 


0 

100 

0.01 

0.02 

0 

200 

0.03 

0.05 

0 

300 

0_07 

0.08 

0 

400 

...0  1 

0  13 

100 

100  1 

0 

0 

100 

150 

0.01 

0.01 

150 

200 

0.03 

0.02 

150 

250 

0.05 

0.03 

200 

250 

1  -0.01 

200 

300 

0.07 

0.04 

200 

350 

L  0.1 

0.06 

225 

350 

0.1 

0.06 

225 

375 

oil 

0.07 

urn 

Mss 

itm 

ra 
ii@ 

iiliV 


P1-P5 


0  01 
0.03 
006 
0.08 
Jo 

0.02 

0.02 


I  0.02 
0.03 


Table  1 7 


P&W  BURNER  WITH  SHORT  EXTENTION  AND  NO  RESTRICTION 


PRESSURE  MASUREMENTS,  COLD  FLOW,  @20  C,  29.31  in.Hg 


A 

•FUEL* 

Patm-Pbase 

PI 

P2 

P3 

P4 

P5 

P6 

P7 

P8 

1000 

L.  ._0 

0.11 

-0.01 

-0.01 

-0.02 

-0.01 

-0.02 

0.09 

0.09 

0.1 

2000 

L  -  _ 0  .5 

___  0.1 

005 

005 

0.03 

003 

0.45 

0.47 

0.47 

30001  0 

_  .  1 

0.271  0.2 

0.23  0.13 

0.2 

1.1 

XXX 

XXX 

4000 

a 

Ixxx 

r  0.53 

0.42 

0.42'  0.33 

0.39 

XXX 

XXX 

XXX 

1000 

180 

0.08 

1  -005^ 

-0.05 

-006 

-0,08 

-0.05 

0.06 

0.06 

0.06 

1250 

180 

0.13 

-bos" 

-0.06 

-0.06 

-0.08 

-0.06 

O.f 

0.11 

0.12 

1500!  180 

0.19 

-0.05 

.._l0.07 

-0.07 

-0.071  -0.07 

0.16" 

0  18 

0.18 

1800 

180 

03 

-0.04 

-0.07 

-0.07 

-0.07 

-0.07 

6,27^ 

6.28 

0.28 

2000 

180 

0.41 

-0.04 

-0.07 

-0,07 

-0.06 

-0.08 

0.33 

0.36 

0.36 

1750 

136 

0.3 

-0.04 

-0.05 

-0.05 

-0  06 

-0.06 

0.25 

0.27 

0.27 

1750 

I  166 

0.291  -0.05 

-0.07 

-0.07 

-007 

-0.07'  0.24 

r  0.26 

0.25 

1750 

180 

0.28 

-0.06 

-0,07 

-0,07 

-0  08 

-0  08 

0.23 

0.25 

0.26 

1750 

208 

0.27 

-0.061 

-0.07' 

-0.08 

-0.08 

-0.07 

0.23 

0.25 

0.25 

1750 

236 

0.27 

-0.06 

-0.08 

-0.08 

-0.09 

-0  08 

0.23 

0.24 

0.25 

1750 

50 

0.34 

o' 

-001 

-0.02 

-0.03 

-0.02 

0.28 

0.3 

0.3 

1750 

60 

0.33 

'  bl 

-0.02 

-0.02 

..-0.03 

-0.03 

0.28 

0.3 

0.29 

1750 

65 

0.33 

-0.01 

-0.02 

-0.02 

-0.03 

-0.03 

0.28 

0.29 

0.29 

1750 

7"^ 

0.32 

^0.02 

-0.03 

-0.02 

-0.04 

-0.04 

0.27 

0.28 

0.29 

1750 

85 

0.32 

r  -0.02 

-0.03 

-003, 

-0,04 

-0.05 

0.26 

0.28 

0.29 

1000 

65 

0.09^ 

L.-O.Ol 

-0.03 

-0.0^ 

-0.04 1  -0.03 

0.07 

6^7 

0.07 

1250 

65 

0.15 

'  -0.03 

-0.031 

-b.0'4 

-0.041  -004 

0.12 

0.13 

0.13 

1500 

65 

0.223 

"~-0.0^ 

-0  03 

•0.03 

-0.04 

-0.04 

0.2 

0.2 

0.2 

1800 

65 

0.35 

^  -0.01 

-0.02 

-0.02 

-0.04 

-0.03 

0.3 

0.29 

0.31 

2000 

[  _  6S 

0.45 

o.oil 

-0.01 

-b.bi 

-0.03 

-0.02 

0.3^ 

0.3^ 

0.39 

1 

; 

U- 

P&W  BURNER  WITH  SHORT  EXTENTION  AND  NO  RESTRICTION 

PRESSURE  MASUREMENTS.  PROPANE  COMBUSTION,  29.51  in.Hg,  AIR  @24  C 

AIR 

FUEL 

Patm  •  Pbase 

PI 

P2 

P3 

P4 

P5 

P6 

P7 

P8 

1000 

65 

0.04 1  -0.07 

-0.07 

-0  07 

-0  07 

-0  05 

0.02 

0  03 

0.04 

1250 

65 

0.09 

-0  07 

-0  06 

-0.07 

-007 

-0.06 

0.06 

oo"^ 

o.obI 

1500 

65 

_ OJ^ 

-0.09 

-0  09 

■ 

■009 

-0.09 

-0.08 

0.07 

0  09 

0.11 

1800 

65 

0  17 

-0.11 

-0 12 

0.11 

-Oil 

-0.12 

0.11 

0.13 

0.16 

1750 

50 

0.15 

-0  12 

-0.13 

-0  12 

-0  12 

-0,11 

0.1 

0.12 

0.15 

1750 

60 

0.16 

-0.11 

-0.13 

-0.11 

-0  12 

-0  12 

0.11 

0.1^ 

0.15 

1750 

65 

0.15 

-0.14 

-0.1 

0.11 

-Oil 

-0,11 

0.1V 

0.13 

0.16 

1750 

7^ 

0.15 

-0.11 

-0.1 

-0.1 

-0,1 

-0.1!  0.1 

1  0.13 

0.15 

1750 

85 

015 

-Oil 

-0.11 

-oil 

-0.11 1  -0.1]  0.09 

0.11 

0.15 

1500 

75 

0.12 

-O.O9I 

-0.08 

-0  08 

■0  09 

-0  07 

0.07 

0.09 

0.11 

1500 

_ 65^ 

0  12 

-0  09 

-0  09 

-0  09 

-0  09 

-0.1 

0  07 

6.6^ 

0.11 

1500 

42 

0  11 

■0  1 

-0  09 

-0  1 

-0  09 

-0  081  0.091  0.11 

0.12 

'S 


Table  18 


IP&W  BURNER  WITH  SHORT  EXTENTION  AND  4" 

ORIFICE 

— 

PRESSU 

RE  MASl 

IREMENTS,  'FUl 

EL’  IS  A 

R,  28.01 

in.Hg,  AIR  @20  C 

AIR 

•FUEL’ 

Patm  -  Phase 

PI 

P2 

P3 

P4 

P5 

P6 

P7 

P8 

mm 

0 

0 

-0.01 

^  -0.01 

-0,01 

-0.01 

6^ 

0.1 

0.1 

1  2000 

0 

0.43 

0.06 

0.05 

6.04 

0.06 

0.45 

■EES 

0.49 

0 

1.1 

0.24 

0.2 

0.2 

0.17 

0.2 

^xx 

XXX 

0 

XXX 

O.47I 

0.41 

0.37 

0.32 

0.42 

XXX 

XXX 

XXX 

1  1000 

180 

0.07 

-0.05 

-0.06 

^  -0.06 

-0.06 

-0.05 

0.06 

0.08 

180 

0.1^ 

1  -0.06" 

-0.06 

-0.07"^ 

-0.05 

0.11 

■ira 

0.14 

180 

0.18 

r  -0.06" 

-007 

-0.07 

-0.06 

0.17 

0.18 

0.21 

1800 

180 

0.27 

-0.05 

-0.06 

-0.07 

-0.08 

0.25 

0.29 

0.31 

2000 

180 

0.34 

-0.05 

-0.06 

-0.07 

-0.08 

-0.07 

0.33 

035^ 

0.39 

0.24 

-0.04 

-0.05 

-0.05 

-0.05 

ikes 

0.27 

0.29 

1750 

166 

0.24 

-0.05 

-0.06 

-0.06 

-0.07 

0.25 

0.26 

0.27 

1750 

180 

0.24 

-0.05 

-0.06 

r  -0.07 

-0.07 

-0.07 

0.25 

0.^ 

0.26 

1750 

208 

-0.07 

1  -0.08 

-0.08 

-0.07 

0.25 

0.27 

0.26 

1750 

236 

I  -oT% 

-0,08 

-0.08 

-0.08 

-0.08 

mm 

0.26 

0.26 

1 

1 

ORFICE 

AIR 

FUEL 

Pa-Pb 

PI 

P2 

P3 

P4 

P5 

P6 

P7 

P8 

-0.06 

-0.07 

-0.08 

-0.06 

-0.02 

-0.02 

0.03 

1  1250 

65 

0 

L 

^  7^ 

0.02 

r  -0.09 

-0.08 

-6.68 

^  -o.osi 

0.11 

0.12 

1750 

85 

1  0.04 

r  -0.12 

...  -o.ij 

-0.11 

0.1 

0.13 

AAA 

1500 

_  .65 

0.03 

i  1 

1750 

-  - 

0.07 

-0.12 

1  ■  ^ 
i 

1750 

65 

0.061 

-0.11 

L  -0.1 

-0.1 

0.125 

0.15 

0.16 

1800 

65 

"  6.1 

-0.11 

[ 

1750 

60 

0.08 

-0.11 

65 

0.06 

-0.45 

-035 

^  -0.45 

-0.05 

-0.02 

1750 

50 

0.02 

-0.09 

-0.09 

-0.1 

0.14 

0.18 

42 

'  0.02 

-0.09 

-0  08 

-0,08 

-6.08 

-6.08 

0.1 

0.12 

0.13 
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Table  20 


P  &  W  burner  with  short  extention  and  assorted  orfice  plates  ill _ 

ressures  are  all  measured  88  P  #  -  P  attnospherel _ |N21pmat21C. 

Air  flow  at  2250  sipm  through  Sierra  #3  meter  for  all  conditions!  All  air  and  fuel  at  68  F  to  72  F 


Pressures 


4”  restriction  9-5*91 


No  additional  N2;  b.p.  29. 


fuel  si 


1  0.00  0.00  0.00 


2  0.00  -0.05i  -0.01 


i 

! 

Temperatures  C  | 

1 

473  552  595  577  551 


504  5961  629  607  580 
5221  627!  654  632  601 


599 

734 

762 

735 

703 

630 

'  '770! 

801 

757 

727 

677 

797 

831 

767 

737 

685 

793 

821 

760 

735 

4'^rertriction  9-11-91 
rno'N2]N2 


fuelsiprh  150.1!  150 


0  -0.15  -0.05 


-0.15 


Table  21 


P  &  W  burner  with  short  extention  and  assorted  ortice  plates 
pressures  are  alt  measured  as  P  #  -  P  ati^spherei  iN2  Ip 
Air  flow  2250  sipm  through  SJerra  #3  meter  for  all  con^ion 


I  [Pressures  I  !  I  I  I 
N2lpmat2lC.  i  I  I  !  I  ~T 

Air  flow  at  2250  sIpm  through  Sierra  #3  meter  for  ail  condition 

All  air  and  fuel  at  68  F  to  72  F  I  [  I _ | 

4”  restriction  ,  9-11-91  j _ _ 1  ~p _  , _ 

1  {Pressures  '  I  nremperaturesC 


fuel  si 


i  70 

1301 

1  110! 

pon#o 

-0.25 

-0.07J 

1  0.02 

-0.09 

1 

LJ-371 

-0.19 

-0.13 

'  -0.17 

2 

-0.37' 

-0.19 

-0.13 

-0.17 

3 

-0.38 

-0.20' 

-0.14 

!  -0.17 

,679  _  ,709  720  639 

676  "^7^11757 
576  "  726  765'  695 


f*!ul 

310 

2 

3101 

2781 

250 

4"  restriction  9 


N2=1000lpm  b 


port#0 

_ ± 

_ _ 2 

_ 3 

_ 4 

_ 5 

_ 6 

_ 7 

1 _ 8 

_ _9 

10 


11-91 


p.  29.27 


a03  -0J7 
0.1^  -0.18 
ojel  -0J8 
o?r^  -0.19 
^91  -qj9 
0.20!  -0.20 
!20p.20 


119  "^7 
'514I  ~52'5  ' 
545  J555 
^1  581 

587  "599  ~ 
623  ^6 

67l  I  686 ' 
69^  712 


jW5  361 
530  4~55~ 
559  493 
588  526 
606  548 
641  584 
688  631 
716  648 


-0.11 


0.001 

J).35i 

oT^ 


-0. 

0.051  0^7 
Mil  043 
0.25!  0 17 


^7  7321  7^1  681 

0L31  7T^  743)’  707 
590  697'!  72oT  '  687 
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Table  23 


N2  Ipm  at  21  C.  ! 

Air  flow  at  2250  slpm  thro 
All  air  and  fuel  at  68  F  to  7 

i 

^h  Sie 
2F  i 

1 

1 

rra  #3  meter  for  all  conditions 

-  -  - 

jres  C 

i  Pressures 

1 

Temperati 

3"  restriction 

9-13-91 

i 

i 

J 

L 

N2=1200lpm,b.p.  29.126 

fuel  slpm  1 

250 1 

278 

222 

250 

278 

port  #0  1 

0.86 

0.7 

0.63 

1; 

0.65 

i-  ■ 

0.61: 

0  39 

476 

465 

461 

2 

0.63 

0.57 

0  351 

531 

u  . 

533 

529 

3’ 

0.6 

057' 

0.341 

549 

556 

553 

4 

0.58 

057, 

0.34' 

572 

581 

578' 

5 

0.56 

0.55i 

0,32: 

585 

597 

594 

6 

0.54 

0.521 

0.3^ 

619 

r " 

634 

632 

7 

i 

; 

664 

685 

680 

s! 

0.55 

0.51. 

0.3i 

677 

701 

692 

.  .. 

0.72 

0.67 1 

0.46! 

lOi 

0.85 

0.81 

0.551 

699 

717' 

681 

111 

1.27 

1.2^ 

. iL..-.. . 

720 

715^ 

62^ 

12! 

1.33 

1.37: 

1.15! 

705 

699 

611 

p.. 

9-13-9 

1 

1 

i 

1 

LliAliiiUJJiIill 

bp 

.  29.126  I 

! 

.  .j 

250 1 

278' 

208 

250 

278 

0.76 

L 

0.83',' 

0.801 

1 

0.55 

0.59i 

0.55! 

476 

486^ 

465 

2^ 

0.53 

0.55 1 

0.521 

526 

544 

528 

3 

0.53 

0.55' 

0.52! 

5^ 

5611 

549 

4' 

0.52 

0.53  i 

0.50' 

565 

586 

575 

5 

0.50 

0.51  i 

0.48' 

5781 

603 

594 

6 

0.48 

0.50; 

0.47' 

612 

641 

634 

7 

! 

656 

692 

688 

8 

0.50 

0.50; 

6.47; 

671 

715 

712 

9 

0.65 

0.65! 

0.58: 

10 

0.77 

0.74 

0.69 1 

703 

746 

734 

11 

1.12 

1.12! 

.  J.  07, 

719 

745 

722 

12 

1  22 

1.24i 

118 

700 

725 

705 
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P  &  W  burner  with  short  extention  and  assorted  orfice  plates  !  i  I  ! 


ressures  are  all  measured  as  P  #  -  P  atmosphere  I N2  Ipm  at  21  C.  |  | 

Air  flow  at  2250  sipm  through  Sierra  #3  meter  for  all  conditionsi  All  air  and  fuel  at  68  F  to 


fuelsipih  167  2221 


rt#0  0.^[_0.73 
0.40  0^51 

'  _2\  0.39p'0.50 

ap  0^^  0.50 ' 
"  0.36  0.48 

0.34[  0.47 ' 

'  ~'6j  0.331  0.45' 


0J4  0.45 

0.44[  0,57  ' 
0.521  0.65 

q75f  0.86 
0,85^  0.95” 


MOl 
0.47r 
0^54  i 

0.871 


333  3891  417 


0.53,  0.35  0.30' 
0.30  O.is]  0.09 j 
0.28  ai6  0^09^ 
0.27  O.isf  0.08’ 
0.27  0.15  0^0^ 
0.26r^5t^^0ji 
02^0.14  O.OSr 

_ _ _  _  I 

n  OQ  1 


167  2221  278  333  389 


468  491  486  464  382 

515  54^^^  520  459 


5301  563  564  543  494 


529 


568  610  612  589  554 


601  651  657  633  600 


653 


682  775  751  723  685 


P  &  W  burner  with  short  extentton  and  assorted  office  palates 

pressures  are  all  measured  as  P  -  P  atmosphere  _ ; 

N2  Iptn  at  21  C. _ L _ L _ t _ _  i _ i  ._ 

Air  flow  at  2250  sipm  through  Sierra  #3  meter  for  all  conditions 


All  air  and  fuel  at  68  F  to  72  F 
Pressures  1 


3"  restriction  9-3-91 


No  additional  N2 


-I - f 


I  Temperatures  C 


fuel  si 


ort# 


55 

1  75 

100 

125! 

!  1501 

1  0.151 


0.40  0.35 1  0J5X 

r\  Ar\  r\  ^  i^l 


71  0.20  0.501  0.401  0^  O.lOl 


O.^T 

29.19f 


0.50 
0.60 
0.60 ' 
0.70 ' 
_g.75 
29.^ 


_0^ 

0.45 

0.50' 

0^' 

0.70 

29.27 


0.35]  0.15j 

'  0.40!  0.20' 

0.451'  0^0 
0.60j  6.45  ~ 

0.65X  0.50" 

29.27  29.1 9  i 


o  o'st  a  St  ® 

or^Ocovoo>—  <0 
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Step  combustor  with  short  extention  and  3"  restriction  ,  9-13-91 


P-Patm,  Airflow  Sierra #3 
Air=1150  slpm,  Fuel  65  slpm. 


Port  #  P  -  P  atm  iTemp.  C 


0.13 


1  0.061  3 


Port# 


Port# 


ii) j).  29.126  r _ ^ 

'  Air=1400  slpm,  Fuel  65  slpm, 


'Port# 


0.22 


1  0.17 

465 

T  0.17 

505 

! 

Port# 

P-Patm  1 

Temp.  C 

5 

0.14 

537 

6 

0.13 

581 

'  1 

0.17 

558 

0.17i 

589 

Port  #  P  -  P  atm  ITemp.  C 
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Temperatures  on  Centerline 


900 

I  ■ 

800 

■ 

700 

■■ 

1  • 

♦  j 

r~  i 

600  - 

I  /  • 

«♦ 

■  Mean  T  Open 

1 

500  - 

♦  ♦ 

TRMSOpen 

*■ 

A  ■ 

400 

1-  ♦ 

i  i* 

♦  MeanT62%B 

300  ■ 

- 

200  ■ 

^  TRMS62%B 

100  1 
0  ^ 

-  a8® 

- 1 - - - -  -  t - » 

0  100  200  300  400 

Downstream  distance  (Z 


mm) 


1  j 

i 

;  1 

( 

Temperatures  15  mm  from  Centerline 

900 

800 

700 

600 

aP>* 

•*9  ♦ 

♦  ♦  ♦  * 

■  Mean  T  Open 

g500 

n  TRMSOpen 

■-  400 

♦  Mean  T  62%B 

300 

200 

100 

0 

o  TRMS62%B 

3  100  200  300 

Downstream  distance  (Z 
mm) 
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Table  31 


no  chimney 
62%Blockaqe 


iZ 


MeanT  ITRMS 


Mean!  ITRMS 


20 

5 

344! 

45 

6 

10 

15351 

241 

15 

5 

320! 

42 

4" 

10 

1488! 

246 

14 

5 

1200[ 

180 

2i 

10 

1515' 

248 

13 

5 

15991 

218;  0: 

10 

1513| 

260 

12 

1594I 

228 

O' 

isi 

1384! 

322 

11 

5 

16271 

214!  0; 

15' 

14041 

213 

10 

-5 

1611! 

240 

Oi 

15; 

1400i 

208 

8 

5 

1595 

231 

2: 

15 

14051 

308 

6 

5 

1599 

219 

4! 

^5 

I437I 

297 

4 

5 

1620' 

208 

15 

1463] 

261 

2 

5 

1560 

219 

211 

L  .  .  0; 

17; 

13311 

316 

0 

5 

J61li 

0 

19: 

1292i 

330 

14 

10 

476 

261 

0! 

20' 

12W| 

1191' 

313 

13 

_ 

1493' 

223 

- 

0 

21; 

360 

12 

10 

1549! 

227 

25' 

1132! 
983T  ' 

334 

11 

10 

15771 

236 

0^ 

30  i 

320 

10 

10 

1565' 

223 

oi 

35 1 

8^ 

371 

8 

10 

15331 

235"^ 

o' 

40: 

7171 

294 

Centerline  Temperatures 


2000 

1500 

1000 

500 

0 


□ 


■ 

■  ■ 

■ 

■  Mean  T 

■ 

1 

TRMS 

□ 

0  “ 

□jO  0 

□  D 

□ 

10 

20 

30 

40 

Downstream  Distance  (Z  mm) 


Radial  Temperatures  at  Various  Z 


2000 

1500 

1000 

500 

0 


■  i'=5mm 

\\ 

- ° -  z=10mm 

M 

■ - ■ 

♦  z=15mm 

0 


5  10  15 

Radial  Distance  (mm) 


20 
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Table  33 


Radial  Distance  (mm) 


Table  34 


45 


Table  36 


47 


Table  37 


Table  39 


>0 


Table  40 


5 


4.2  BLUFF  BODY  COMBUSTOR 
SELECTED  DATA  SETS 


Table  1.  Data  Files  and  Test  Conditions 


Filename 

Conical  Bluff'-Bodv 
d(mm)  0  BR 

U^(m/s) 

(!) 

Turb. 

Grid 

I 

Figure 

LDA  Data: 

LB3C5.CSV 

44.45 

30*= 

24% 

15 

0. 

2% 

10 

LB365.CSV 

// 

00 

00 

00 

0.65 

2% 

11 

LB4C1.CSV 

44.45 

45° 

24% 

10 

0. 

2% 

12 

LB461.CSV 

00 

00 

00 

0.65 

2% 

13 

LB48I.CSV 

// 

00 

00 

00 

0.8 

2% 

14 

LB4C5.CSV 

44.45 

45° 

24% 

15 

0. 

2% 

15 

LB4C53.CSV 

t$ 

00 

00 

00 

0. 

G3 

22% 

16 

LB4C57.CSV 

// 

00 

00 

00 

0, 

G7 

17% 

17 

LB455.CSV 

00 

00 

00 

0.56 

2% 

18 

LB465.CSV 

// 

00 

00 

00 

0.65 

2% 

19 

LB4653.CSV 

0» 

00 

00 

00 

0.65 

G3 

22% 

20 

LB4657.CSV 

00 

00 

00 

00 

0.65 

G7 

17% 

21 

LB485.CSV 

// 

00 

00 

00 

0.8 

2% 

22 

LB495.es  V 

// 

« 

00 

00 

0.9 

2% 

23 

LB4C2.CSV 

44.45 

45° 

24% 

20 

0. 

2% 

24 

LB462.CSV 

// 

00 

00 

00 

0.65 

2% 

25 

LB9C5.CSV 

44.45 

90° 

24% 

15 

0. 

2% 

26 

LB965.CSV 

// 

00 

00 

00 

0.65 

2% 

27 

SB3C5.CSV 

31.75 

o 

O 

13% 

15 

0. 

2% 

28 

SB365.CSV 

// 

00 

00 

00 

0.65 
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Fllaname:  LB4C57CSV  Blutt  Body  :  d  =  44  45  mm  8=  45  Fuel:  none  Fuel  Flow  =  0  s!pm 

Date:  4^4/1990  Ua  =  15  (nvs)  BR  =  25%  6=  0  Air  Flow  =  4206  slpm  Turbulence  Grid;  G7 
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L9T4SS.xls  ■  1 


Filename:  LBT455  CSV 
Bluff  Body  :  d  -  44.45  mm. 

Ua  =  15  (m/s) 

Turb.  Grid  ;  none 


I  rtmm)  I  X  I  r/d  I  x/d 


0=  45 

BR  =  25% 


CH4 
0.56 
1591  K 


Fuel  Flow  =  212  sipm 

Air  Flow  =  3960  sIpm 

T0  =  295  K 


Cl  I  T(K)  I  Trms  | _ S  I _ K  |  Tmln  |  Tmax  |  NData  |  Date  |  Data  ID  | 


LBT465XLS  -  1 


Filename:  LBT465  CSV 
Bluff  Body  :  d  >  44.45  mm. 

Ua  =  15  (m/s) 

Turb.  Grid  :  none 


8=  45 

BR  =  25% 


Fuel  ;  CH4 
0  --  0  65 

Tad=  1755  K 


Fuel  Flow  =  3962  sipm 

Air  Flow  =  244  sIpm 

T0  =  295  K 


I  X  I  r/d  I  x/d  I  C  I  Ct  I  T(K)  I  Trms  I  S  I  K  I  Tmln  I  Tmax  I  NData  I  Date  lOatalDl 
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Filename;  LBT4653.CSV 
Bluff  Body  ;  d  44.45  mm. 

Ua  =  15  (m/s) 

Turb.  Grid :  G3 
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Filename;  LBT4657.CSV 
Blutt  Body  :  d  ^  44.45  mm, 

Ua  =  15  (m/s) 

Turb.  Grid  :  G7 
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Trms  I  S  I  K  I  Tmln  I  Tmax  I  NData  I  Dale  lOatalDl 
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LBT495.XLS  -  1 


Filename:  LBT495  CSV 

Bluff  Body  :  d  -  44.45  mm.  U  -  45 

Ua  r  15  (m/s)  BR  25% 

Turb.  Grid :  none 


Fuel  : 

CH4 

Fuel  Flow  = 

330.3 

sipm 
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Air  Flow  = 
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SBT46S.XLS  I 


Filename:  SBT465  CSV 
Bluff  Body:  d-  31.75  mm, 
Ua  =  15  (m's) 

Turb.  Grid  :  none 
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SBT465XLS  3 


i^mm) 

X 

r/d 

xJd 

c 

Ct 

T(K| 

Tons 

S 

K 

Tmln 

Tmax 

NData 

Date 

Data  ID 

15.90 

73  00 

050 

0  9021 

0  0877 

1612 

128 

•4  80 

34.04 

351 

1828 

492 

a'30/90 

284BT 

15.90 

63  50 

0.50 

0  9281 

0  0644 

1650 

94 

4  51 

39.62 

698 

1855 

496 

3730^90 

285BT 

15.90 

54.00 

0.50 

1.70 

09253 

1646 

78 

-271 

23.76 

860 

1856 

498 

3/3090 

286BT 

1590 

4760 

050 

1.50 

0.9233 

1643 

68 

-0  12 

0.17 

1435 

1841 

496 

03090 

287BT 

1590 

38.10 

0.50 

1  20 

0.9205 

0  0486 

1639 

71 

-0.71 

5.91 

1112 

1905 

498 

33090 

288BT 

15  90 

31  80 

0.50 

1.00 

0.9158 

0.0438 

1632 

64 

001 

-0.36 

1442 

1809 

497 

3/3090 

289BT 

15.90 

2540 

0.50 

0.80 

0.9027 

0  0438 

1613 

64 

0  12 

0.25 

1428 

1817 

499 

3/3090 

290BT 

15.90 

1900 

0.50 

0.60 

0  9041 

0  0432 

1615 

63 

•0  26 

0.36 

1374 

1781 

498 

3/3090 

291 3T 

15.90 

9  50 

0.50 

0.30 

0.9123 

0.0425 

1627 

62 

008 

0.28 

1438 

1823 

499 

33090 

292BT 

15.90 

3.20 

0.50 

0.10 

0  8822 

0  0589 

1583 

86 

-0  83 

221 

1129 

1807 

500 

3/3090 

293BT 

16.71 

3.20 

0.10 

0.5308 

0  1062 

1070 

155 

-0  51 

0.20 

508 

1442 

1488 

01590 

265BT 

16.90 

3.20 

0.10 

0.1199 

0.1021 

470 

149 

047 

250 

1021 

1419 

2/1590 

266BT 

1940 

25  40 

0.61 

0.80 

0.5151 

0  2808 

1047 

410 

-0  01 

1  49 

273 

1756 

1467 

2/1590 

267BT 

19.00 

47.60 

0.60 

1.50 

0  7836 

0.2322 

1439 

339 

085 

345 

1888 

1472 

2/1590 

268BT 

20  60 

4760 

065 

1  50 

03411 

0  3267 

793 

477 

1  32 

250 

1748 

1471 

2/1590 

269BT 
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101 


Filename:  B8DP  CSV 

Wall  Static  Pressure:  dp  (psi)  (reference  point:  x/d  =  0)  ***  Flame:  CKM+Air  Premixen 


’Gauge  Pressure  (psig)  at  jt/«J  =  0; 


Fllanairw:  BBCPCSV 

Wall  Presaure  Coefficient:  Cp  “*  Flame:  CH4+Air  Premixod 


Filanaim:  BBDPDX.CSV 

Axial  Prassure  Gradient  Along  Combustor  Wall:  dp/dx  (psi/ln)  '**  Flame:  CH4+Ajr  Premixed 
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Figure  10  Mean  flow  structure  and  contours  of  turbulence  properties  in  the  near  wake 
{BR  =  24%,  0  =  30°,  Ug  =  15  m/s,  cold):  (a)  mean  velocity,  (b)  Reynolds  shear  stress, 
(c)  TKE,  (d)  and  (e)  Reynolds  normal  stresses,  (f)  correlation  coefficient. 
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Figure  12  Mean  flow  structure  and  contours  of  turbulence  properties  in  the  near  wake 
(BR  =  24%,  9  =  45°,  =  10  m/s,  cold):  (a)  mean  velocity,  (b)  Reynolds  shear  stress, 

(c)  TKE,  (d)  and  (e)  Reynolds  normal  stresses,  (0  correlation  coefficient. 
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Figure  13  Mean  flow  structure  and  contours  of  turbulence  properties  in  the  near  wake 
{BR  =  24%,  0  =  45°,  Ug  =  10  m/s,  ^  =  0.65);  (a)  mean  velocity,  (b)  Reynolds  shear 
stress,  (c)  TKE,  (d)  and  (e)  Reynolds  normal  stresses,  (f)  correlation  coefficient 
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Figure  14  Mean  flow  stnicture  and  contours  of  turbulence  properties  in  the  near  wake 
(BR  =  24%,  0  =  45°,  =  10  m/s,  (j)  =  0.8):  (a)  mean  velocity,  (b)  Reynolds  shear  stress, 

(c)  TKE,  (d)  and  (e)  Reynolds  normal  stresses,  (0  correlation  coefficient. 
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Figure  15  Mean  flow  structure  and  contours  of  turbulence  properties  in  the  near  wake 
(BR  =  24%,  9  =  45°,  Ug  =  15  m/s,  cold);  (a)  mean  velocity,  (b)  Reynolds  shear  stress, 
(c)  TKE,  (d)  and  (e)  Reynolds  normal  stresses,  (f)  correlation  coefficient. 
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Figure  16  Mean  flow  structure  and  contours  of  turbulence  properties  in  the  near  wake 
(BH  =  24%,  0  =  45°,  Ug  =  15  m/s,  cold,  I  =  22%);  (a)  mean  velocity,  (b)  Reynolds  shear 
stress,  (c)  TKE,  (d)  and  (e)  Reynolds  normal  stresses,  (f)  correlation  coefficient 
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Figure  17  Mean  flow  structure  and  contours  of  turbulence  properties  in  the  near  wake 
{BR  =  24%,  0  =  45°,  UJ^  =  15  m/s,  cold,  I  =  17%):  (a)  mean  velocity,  (b)  Reynolds  shear 
stress,  (c)  TKE,  (d)  and  (e)  Reynolds  normal  stresses,  (f)  correlation  coefficient 
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Figure  34  Axial  profiles  showing  equivalence  ratio  effect  on  mean 
flowfield  {BR  =  24%,  0  =  45°,  Ug  =  15  m/s):  (a)  centerline  mean  velocity, 
(b)  pressure  coefficient,  (c)  axial  pressure  gradient. 
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Figure  34  (continued)  Axial  profiles  showing  equivalence  ratio  effect  on 
mean  flowfield  (BR  =  24%,  0  =  45°,  =  15  m/s):  (a)  centerline  mean 

velocity,  (b)  pressure  coefficient,  (c)  axi^  pressure  gradient 
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Figure  35  Axial  profiles  showing  blockage  ratio  effect  on  mean  flowfield 
(0  =  30°,  Uj  =  15  ra/s);  (a)  centerline  mean  velocity  (length  scale 
normalized  by  d),  (b)  pressure  coefficient,  (c)  axial  pressure  gradient,  (d) 
centerline  mean  velocity  (length  scale  normalized  by  L^). 
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Figure  35  (continued)  Axial  profiles  showing  blockage  ratio  effect  on 
mean  flowfield  (0  =  30°,  =  15  m/s):  (a)  centerline  mean  velocity 

(length  scale  normalized  by  d),  (b)  pressure  coefficient,  (c)  axial  pressure 
gradient,  (d)  centerline  mean  velocity  (length  scale  normalized  by  L^). 
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Figure  36  Axial  profiles  showing  blockage  ratio  effect  on  mean  flowfield 
(0  =  45°,  Ug  =  15  m/s);  (a)  centerline  mean  velocity  (length  scale 
normalized  by  d),  (b)  pressure  coefficient,  (c)  axial  pressure  gradient,  (d) 
centerline  mean  velocity  (length  scale  normalized  by  L^). 
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Figure  36  (continued)  Axial  profiles  showing  blockage  ratio  effect  on 
mean  flowfield  (0  =  45°,  =  15  m/s):  (a)  centerline  mean  velocity 

(length  scale  normalized  by  d),  (b)  pressure  coefficient,  (c)  axial  pressure 
gradient,  (d)  ccnterUne  mean  velocity  (length  scale  normalized  by  4). 
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Figure  37  Axial  profiles  showing  cone  angle  effect  on  mean  flowfield 
{BR  =  24%,  Ug  =  15  m/s):  (a)  centerline  mean  velocity,  (b)  pressure 
coefficient,  (c)  axial  pressure  gradient. 
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Figure  37  (continued)  Axial  profiles  showing  cone  angle  effect  on  mean 
flowfield  (BR  =  24%,  =  15  m/s):  (a)  centerline  mean  velocity,  (b) 

pressure  coefficient,  (c)  axial  pressure  gradient. 
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Figure  38  Axial  profiles  showing  cone  angle  effect  on  mean  flowfield 
(BR  =  13%,  Ug  =  15  m/s);  (a)  centerline  mean  velocity,  (b)  pressure 
coefficient,  (c)  axial  pressure  gradient. 
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Figure  38  (continued)  Axial  profiles  showing  cone  angle  effect  on  mean 
flowfield  (BR  =  13%,  =  15  m/s):  (a)  centerline  mean  velocity,  (b) 

pressure  coefficient,  (c)  axial  pressure  gradient. 
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Figure  39  Axial  profiles  showing  approach  velocity  effect  on  mean 
flowfield  {BR  =  24%,  9  =  45°);  (a)  centerline  mean  velocity,  (b)  pressure 
coefficient,  (c)  axial  pressure  gradient. 
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Figure  39  (continued)  Axial  profiles  showing  approach  velocity  effect  on 
mean  flowfield  (BR  =  24%,  0  =  45°):  (a)  centerline  mean  velocity,  (b) 
pressure  coefficient,  (c)  axial  pressure  gradient. 
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Figure  40  (continued)  *v.ual  profiles  showing  approach  turbulence 
intensity  effect  on  mean  rlowfield  (BR  =  24%,  0  =  45°,  =  15  m/s):  (a) 

centerline  mean  velocity,  (b)  pressure  coefficient,  (c)  axial  pressure 
gradient. 
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Figure  53  Temperature  field  behind  a  conical  bluff  body  (BR  =  24%,  0 
=  45  ,  Uj  =  15  m/s,  $  =  0.56,  =  1591  K):  (a)  isothermal  contours  of 

C,  (b)  isothermal  contours  of  C,,  and  (c)  radial  profiles  of  C  and  C . 


Figure  56  Temperature  field  behind  a  conical  bluff  body  {BR  =  24%,  0  = 
45°,  Uj  =  15  m/s,  4)  =  0.65,  =  1775  K,  I  =  17%);  (a)  isothermal  contours 

of  C,  (b)  isothermal  contours  of  Cj,  and  (c)  radial  profiles  of  C  and  Cj. 
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Figure  57  Temperature  field  behind  a  conical  bluff  body  (BR  -  24%,  0 
=  45°,  Ujj  =  15  m/s,  <!»  =  0.8,  =  1996  K):  (a)  isothermal  contours  of  C, 

(b)  isothermal  contours  of  Q,  and  fc)  radial  profiles  of  C  and  Cj. 
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Figure  58  Temperature  field  behind  a  conical  bluff  body  (BR  =  24%,  0 
=  45°,  Ug  =  20  m/s,  (j)  =  0.65,  =  1775  K):  (a)  isothermal  contours  of 

C,  (b)  isothermal  contours  of  Cp  and  (c)  radial  profiles  of  C  and  Cj. 


Figure  59  Temperature  field  behind  a  conical  bluff  body  (jBR  =  13%,  0 
=  45°,  Ug  =  15  m/s,  <j)  =  0.65,  =  1775  K):  (a)  isothermal  contours  of 

C,  (b)  isothermal  contours  of  C,,  and  (c)  radial  profiles  of  C  and  C\. 


4.3  SWIRL  COMBUSTOR 
SELECTED  DATA  SETS 
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FILENAME  FORMAT 


Each  file  is  headed  with  a  HLENAME.  The  FILENAMES  have  the  following  format  for  the 

stability  limit  data:  JdtsXSTB  (upper  case:  letter,  lower  case;  number). 

J:  type  of  jet  fluid. 

If/  =  A.  air 

=  E,  helium 
=  H,  hydrogen 
=  M,  methane 
=  P,  propane. 

d:  fuel  tube  diameter  (d). 

It  d  =  9,  d  =  9.45  mm. 

r:  fuel  tube  lip  thickness  (d). 

If  r  =  0,  <5  =  0.2  mm 
=  1,  ^  =  1.2  mm 

=  2,  6  =  2.4  mm. 

s:  swirler  helix  angle  ( d). 

Its  =  Q,  d  =  0° 

=  1,  0  =  15° 

=  3,  0  =  30° 

=  4,  0  =  45° 

=  6,  0  =  60° 

X:  run  number  (A,  B,  C,  etc.) 

STB:  filename  extention  for  the  stability  data. 
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DATA  FILES  AND  TEST  CONDITIONS 


Filename 

Extension 

d(mm) 

5  (mm) 

e 

Ue(mys) 

M9(X)A 

.STB 

9.45 

0.2 

0° 

0.5 

M900B 

.STB 

9.45 

0.2 

0° 

0.5 

M900C 

.STB 

9.45 

0.2 

0° 

0.5 

M901 

.STB 

9.45 

0.2 

15° 

0.5 

M903 

.STB 

9.45 

0.2 

0 

O 

0.5 

M904 

.STB 

9.45 

0.2 

45° 

0.5 

M906 

.STB 

9.45 

0.2 

o 

0 

0.5 

M910 

.STB 

9.45 

1.2 

0° 

0.5 

M914 

.STB 

9.45 

1.2 

45° 

0.5 

M916 

.STB 

9.45 

1.2 

60° 

0.5 

M920 

.STB 

9.45 

2.4 

0° 

0.5 

M923 

.STB 

9.45 

2.4 

O 

O 

0.5 

M924 

.STB 

9.45 

2.4 

45° 

0.5 

M926 

.STB 

9.45 

2.4 

60° 

0.5 
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Slabltlty  Umits 


Fite  Name  M900A.STB 

Date  4/24/89. 4/25/89 

Measured  by  F.  Takahashi 


Fuel 

Oxidant 

Methane 

Air 

C.  F. 

0.72 

p  (g'cc) 
p  (g'cc) 

0.000661 

0.001197 

H  (g/cms)  0.000110 
p  (g'cms)  0,000183 

V 

V 

(scnVs) 

(scnVs) 

0167 

0.153 

No. 

d(in) 

d(mm)  ! 

ERSI 

Efl^ 

Note 

F 

C 

Fuel  Tube 

1A 

0.372 

9.45 

0.701 

0.386 

9.80 

Shan>-edged  (with  debrmed  bp) 

RT(low) 

68,5 

20.3 

Air  Tube 

1 

1.060 

26.92 

5.693 

1074 

2728 

Long  exit  section  (4.125  in  I.) 

RT(high) 

73.9 

233 

Annular  Channel 

25.08 

4.938 

Coflowing  Air  Tube 

5.906 

150 

170.9 

HI  (ave.) 

71.2 

21.8 

Coflowing  Air  (F5) 

Qe  (l/rran70F) 

550 

Ue(m/s) 

0.54 

100/RT(K) 

0.339 

Swirler  Unit 

0 

Degree 

Annular  Air 

Fuel  J  Mat  Lifting 

Fuel  Jet  at  Dropback 

Qa-read 

Qa 

Ua 

Rea 

Utotal 

Ret 

Qj-read 

Qj 

Uj 

Rej 

Lift  Height 

Qj-read 

Qj 

Uj 

Rej 

{l/min  0C)(l/min  RT)  (m/s) 

(m/s) 

(l/min  0C)(l/min  RT) 

(nv's) 

(in) 

(mm)  (l/min  OC)  (l/min  RT) 

(nvs) 

0 

0 

0 

0 

0 

0 

1192 

92.67 

22.03 

12478 

4.125 

105 

32.3 

25.11 

5.97 

3381 

1.08 

1.17 

0.039 

65 

0.039 

65 

1182 

91.89 

21.84 

12374 

0 

0 

36 

27.99 

6.65 

3769 

2.04 

22 

0.074 

122 

0.074 

122 

119.5 

92.9 

22.08 

12510 

0 

0 

40,3 

31.33 

7.45 

4219 

3 

3.24 

0.109 

179 

0.109 

179 

118.8 

92.36 

21.95 

12436 

0 

0 

43.1 

33.51 

7.96 

4512 

4 

4.32 

0.146 

239 

0.146 

239 

69.6 

54,11 

12.86 

7286 

2.75 

70 

36 

27.99 

6.65 

3769 

5.02 

5.42 

0.183 

300 

0.183 

300 

61.75 

48 

11.41 

6464 

125 

32 

28.8 

22  39 

5.32 

3015 

6.02 

6.5 

0219 

360 

0219 

360 

55.9 

43.46 

10,33 

5852 

0,75 

19 

0 

0 

0 

0 

5.97 

6.45 

0218 

357 

0218 

357 

57 

44.31 

10.53 

5967 

0,5 

13 

24.9 

19.36 

4.6 

2607 

8.01 

8.65 

0.292 

479 

0292 

479 

47 

36.54 

8.68 

4920 

0.625 

16 

23.1 

17.96 

4.27 

2418 

10 

10.8 

0.364 

598 

0.364 

598 

387 

3009 

7.15 

4051 

0.75 

19 

21.9 

17.03 

4.05 

2293 

12.5 

13.5 

0.455 

748 

0.455 

748 

30.2 

23.48 

5.58 

3161 

125 

32 

19 

14,77 

3.51 

1989 

15.01 

1621 

0.547 

898 

0.547 

898 

22.3 

17.34 

4.12 

2334 

2 

51 

123 

9.56 

2.27 

1288 

15 

162 

0.547 

897 

0.547 

897 

19.9 

15.47 

368 

2083 

275 

70 

4.7 

3.65 

0.87 

492 

17.53 

18.93 

0.639 

1049 

0.639 

1049 

14.6 

11.35 

2.7 

1528 

6 

152 

1.1 

086 

02 

115 

20 

21.59 

0.729 

1197 

0.729 

1197 

10.3 

8.01 

1.9 

1078 

8 

203 

0 

0 

0 

0 

22 

23.75 

0.802 

1316 

0.802 

1316 

78 

6.06 

144 

817 

9.5 

241 

0 

0 

0 

0 

24 

25.91 

0.875 

1436 

0.875 

1436 

6.8 

529 

126 

712 

10.5 

267 

0 

0 

0 

0 

26.03 

28.11 

0.949 

1557 

0.949 

1557 

5.9 

4.59 

1.09 

618 

11 

279 

0 

0 

0 

0 

28 

X23 

1.02 

1675 

1.02 

1675 

5.4 

42 

1 

565 

11 

279 

0 

0 

0 

0 

X 

32.39 

1.093 

1795 

1.093 

1795 

4.6 

3.58 

0.85 

482 

0 

0 

0 

0 

0 

0 

31.6 

3412 

1.152 

1891 

1.152 

1891 

3.7 

2.88 

0.68 

387 

0 

0 

0 

0 

0 

0 

34.8 

3757 

1.268 

2082 

1268 

2082 

2.5 

1.94 

0.46 

262 

0 

0 

0 

0 

0 

0 
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StablUty  Limits 


Fie  Nairn  M900B.STB 

Date  4/25/89,4/26/89 

Measured  by  F.  Takahashi 


Fuel 

Methane 

C.F 

072 

p  (g/cc) 

0.000656 

p  (g/cms) 

0.000111 

V  (scnVs) 

0.169 

Oxidant 

Air 

p  (g/oc) 

0.001188 

P  (g/cms) 

0.000184 

V  (scm/s) 

0.155 

No. 

d(in) 

d(mm) 

s(scm) 

■3131 

Note 

F 

C 

Fuel  Tube 

IB 

0.372 

9.45 

0.701 

0.386 

9.80 

Sharp-edged  (re-tabricated) 

RT(low) 

72.9 

22.7 

Air  Tube 

1 

1.060 

26.92 

5.693 

1.074 

2728 

Long  exit  section  (4.125  in  1.) 

RT(high) 

77.5 

25.3 

Annular  Channel 

25.08 

4.938 

Coflowing  Air  Tube 

5.906 

ISO 

170.9 

RT(ave.) 

75.2 

24.0 

Coflowing  Air  (F5) 

Qe  (Vmin70F) 

550 

Lie  (m/s) 

0.54 

100/RT(K) 

0.337 

SwirierUnit 

0 

Degree 

Annular  Air 

Fuel  Jet  at  Lifting 

Fuel  Jet  at  Dropback 

Qa-read 

Qa 

Ua 

Rea 

Utotal 

Ret 

Qj-read 

Qj 

Uj 

Rej 

Lift  Height 

Q|-read 

Qj 

Uj 

Rej 

(l/min  0C)(l/niin  RT)  (nVs) 

(m/s) 

(l/min  0C)(l/min  RT) 

(m/s) 

(in) 

(mm) 

(l/min  0C)(l/min  RT)  (m/s) 

0 

0 

0 

0 

0 

0 

117 

91.6 

21.77 

12163 

425 

108 

33.4 

26.16 

6.22 

3474 

2 

2.18 

0.073 

119 

0.073 

119 

120.4 

94.3 

22.42 

12522 

425 

106 

37.9 

29.69 

7.06 

3942 

3 

3.26 

0.11 

178 

0.11 

178 

119.9 

93.91 

22.32 

12470 

4.25 

106 

41.6 

32.58 

7.74 

4326 

3.5 

3.81 

0.129 

208 

0.129 

208 

117.9 

92.35 

21.95 

12262 

425 

106 

40.5 

31.72 

7.54 

4212 

4 

4.35 

0.147 

238 

0.147 

238 

71.8 

5624 

13.37 

7467 

0 

0 

32.1 

25.14 

5.98 

3338 

6 

6.53 

Oj22 

357 

0.22 

357 

57.4 

44.96 

10.69 

5970 

2.5 

64 

25.6 

20.05 

4.77 

2662 

8 

8.7 

0294 

476 

0.294 

476 

47.3 

37.05 

8.81 

4919 

0.625 

16 

22.4 

17.55 

4.17 

2330 

10 

10.88 

0.367 

595 

0.367 

595 

38.4 

30.08 

7.15 

3994 

0.75 

19 

21.6 

16.92 

4.02 

2246 

15 

16.32 

0.551 

892 

0.551 

892 

20.8 

1629 

3.87 

2163 

2.25 

57 

11.6 

9.09 

2.16 

1206 

15 

16.32 

0.551 

892 

0.551 

892 

19.1 

14.96 

3.56 

1986 

3 

76 

5.6 

4.39 

1.04 

582 

20 

21.76 

0.734 

1190 

0.734 

1190 

9.3 

728 

1.73 

967 

8.5 

216 

0 

0 

0 

0 

24 

26.11 

0.881 

1428 

0.881 

1428 

62 

4.86 

1.15 

645 

0 

0 

0 

0 

0 

0 

28 

30.46 

1.028 

1665 

1.028 

1665 

4.3 

3.37 

0.8 

447 

0 

0 

0 

0 

0 

0 

32.3 

35.14 

1.186 

1921 

1.186 

1921 

2.5 

1.96 

0.47 

260 

0 

0 

0 

0 

0 

0 
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Stablitty  Limits 


File  Name  MOOOC.STB 

Dale  4/28/89 

Measured  by  F.  Takahashi 


Fuel 

Oxidant 

Methane 

Air 

C.  F. 

0.72 

II 

CL  Q, 

0.000661 

0.001196 

M  (9'cms) 

M  (g'crrB) 

0.000110 

0,000183 

V 

V 

(scnVs) 

(scnv's) 

0167 

0.1,53 

No. 

d(in) 

d(mm)  1 

5  (son) 

EKSI 

Note 

F 

C 

Fuel  Tube 

IB 

0.372 

9.45 

0.701 

0.386 

9.80 

Sharp-edged  (re-fabricated) 

RT(tow) 

70.9 

21.6 

Air  Tube 

2 

1.060 

26.92 

5.693 

1.074 

2728 

Shodrt  exit  section  (4.000  in  1.) 

RT(high) 

72.2 

22.3 

Annular  Channel 

25.08 

4.938 

Coflowing  Air  Tube 

5.906 

150 

170.9 

Hr(ave.) 

71.6 

22.0 

Coflowing  Air  (F5) 

Qe  (l/min70F) 

513 

Ue(m/s) 

0.5 

100/RT(K) 

0.339 

Swifter  Unit 

0 

Degree 

Annular  Air 

Fuel  Jet  at  Liftinq 

Fuel  Jet  at  Dropback 

Qa-read 

Qa 

Ua 

Rea 

Utotal 

Ret 

Q|-read 

Qj 

Uj 

Rej 

Lift  Height 

C^read 

Qj 

Uj 

Rej 

(lAnin  OC)(l/min  RT) 

(nVs) 

(rtVs) 

(1/min  0C)(l/min  RT) 

(nVs) 

(in) 

(mm) 

(l/min  OC)  (1/min  RT) 

(nVs) 

0 

0 

0 

0 

0 

0 

109.4 

85.1 

20.23 

11446 

4 

102 

31.9 

24.82 

5.898 

3337 

0 

0 

0 

0 

0 

0 

111.4 

86.66 

20.6 

11655 

4 

102 

0 

0 

0 

0 

3.5 

3.78 

0.128 

209 

0.128 

209 

79.6 

61.92 

14.72 

8328 

3.75 

95 

362 

28.16 

6.693 

3787 

3 

3.24 

0.109 

179 

0.109 

179 

108.5 

84.4 

20.06 

11352 

3.75 

95 

38.6 

30.03 

7.137 

40^ 

6 

6.48 

0219 

359 

0219 

359 

58.4 

45.43 

10.8 

6110 

0 

0 

25.7 

19.99 

4.752 

2689 

10 

10.8 

0.365 

598 

0.365 

598 

41.1 

31.97 

7.599 

4300 

0.75 

19 

20.3 

15.79 

3.753 

2124 

15 

1621 

0.547 

897 

0.547 

897 

25.4 

19.76 

4.696 

2657 

1.5 

38 

11,7 

9.1 

2.163 

1224 

15 

1621 

0.547 

897 

0.547 

897 

23.4 

182 

4.327 

2448 

1.75 

44 

6.3 

4.9 

1.165 

659 

20 

21.61 

0.729 

1196 

0.729 

1196 

13.3 

10.35 

2.459 

1391 

5.75 

146 

0 

0 

0 

0 

24 

25.93 

0.875 

1435 

0.875 

1435 

7.4 

5.76 

1.368 

774 

10.5 

267 

0 

0 

0 

0 

28 

3025 

1.021 

1674 

1.021 

1674 

5.8 

4.51 

1072 

607 

10.75 

273 

0 

0 

0 

0 

34.8 

37.6 

1269 

2081 

1269 

2081 

2.5 

1.94 

0.462 

262 

0 

0 

0 

0 

0 

0 
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stability  Limits 


Fie  Name  M901  .STB 


Dale  6/20/89 

Measured  by  F.  Takahashi 


Fuel 

Methane 

C.  F. 

0.72 

p  (g/cc) 

0.000658 

P  (g^cms) 

0.000111  V  (scnVs) 

0.168 

Oxidant 

Air 

P  (g'cc) 

0.001192 

M  (g/cms) 

0.000183  V  (scm/s) 

0.154 

No. 

d<in) 

d(mm) 

s(scm) 

Note 

F 

C 

Fuel  Tube 

IB 

0.372 

9.45 

0.701 

0.386  9.80 

Sharpodged  (re-fabricated) 

RT(low)  73.4 

23.0 

Air  Tube 

1 

1.060 

26.92 

5.693 

1.074  2728 

Long  exit  section  (4.125  in  1.) 

RT(high)  73.4 

23.0 

Annular  Channel 

25.08 

4.938 

Coflowing  Air  Tube 

5.906 

150 

170.9 

RT(ave.)  73.4 

23.0 

Collowing  Ak  (F5)  Qe  (^min70F)  513  Ue{m/s)  0.5  100/RT(K)  0.338 

Swiiter  Unit  15  Degree 


Annular  Air 

Fuel  Jet  at  Lifting 

Fuel  Jet  at  Dropback 

Qa-read  Oa 
(I/min0C){l/minRT) 

Ua 

(m/s) 

Rea 

Utotal 

(nVs) 

Ret  Qj-read  Qj 

(l/min  0C)(I/min  RT) 

Uj 

(m/s) 

Rej 

Lift  Height  Qj-read  Qj  Uj 

(in)  (mm)  (l/min  OC)  (l/min  RT)  (m/s) 

Rej 

0 

0 

0 

0 

0 

0 

87.3 

94.65 

22.5 

12647 

4.5 

114 

24.7 

26.78 

6.365 

3578 

0 

0 

0 

0 

0 

0 

88 

95.41 

22.68 

12749 

4.5 

114 

24.7 

26.78 

6.365 

3578 

3 

325 

0.11 

179 

0.114 

185 

632 

68.52 

1629 

9156 

3.25 

83 

29.3 

31.77 

7.551 

4245 

6 

6.51 

022 

358 

0227 

370 

42.5 

46.08 

10.95 

6157 

2.5 

64 

19.9 

21.58 

5.128 

2883 

9 

9.76 

0.329 

537 

0.341 

556 

32.5 

3524 

8.375 

4708 

0.75 

19 

17.6 

19.08 

4.536 

2550 

12 

13.01 

0.439 

716 

0.455 

741 

24.6 

26.67 

6.339 

3564 

1 

25 

17.7 

19.19 

4.561 

2564 

15 

1626 

0.549 

895 

0.568 

926 

13.5 

14.64 

3.479 

1956 

2.5 

64 

112 

12.14 

2.886 

1623 

18 

19.52 

0.659 

1073 

0.682 

1111 

11.4 

12.36 

2.938 

1652 

5.5 

140 

6.7 

7.26 

1.727 

971 

21 

22.77 

0.768 

1252 

0.796 

1297 

7.8 

8.46 

2.01 

1130 

6.75 

171 

0 

0 

0 

0 

24 

26.02 

0.878 

1431 

0.909 

1482 

7 

7.59 

1.804 

1014 

7 

178 

0 

0 

0 

0 

27 

2927 

0.988 

1610 

1.023 

1667 

5.5 

5.96 

1.417 

797 

7 

178 

0 

0 

0 

0 
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stability  Umits 


File  Name  M903.STB 

Date  4/28/89 

Measured  by  F.  Takabashi 

Fuel  Methane  C.  F.  0.72  p  (g/cc)  0.000659  ^  (g/cms)  0.000110  v  (scrrVs)  0168 

Oxidant  Air  p  (g/cc)  0.001194  4  (g/cms)  0  000183  v  (scrrVs)  0153 


No. 

d  (in)  d  (mm) 

s(scm) 

Note 

F 

C 

Fuel  Tube 

IB 

0.372  9.45 

0.701 

0.386  9.80 

Sharp^ged  (re-fabricated) 

RT(tow) 

72.5 

22.5 

Air  Tube 

1 

1.060  26.92 

5.693 

1.074  27.28 

Long  exit  section  (4.125  in  1.) 

RT(high) 

72.5 

22.5 

Annular  Channel 

25.08 

4.938 

Coflovnng  Air  Tube 

5.906  150 

170.9 

RT(ave.) 

/2.5 

225 

Coftwrng  Aii  (F6; 

ue  (l/min70F) 

513 

Ue  (nVs) 

0.5 

100/RT(K) 

0.3C8 

Swirier  Unit  30  Degree 


Annular  Air 

Fuel  Jet  at  Lifting 

Fuel  Jet  at  Dropback 

Qa-read 

Qa 

Ua 

Rea 

Utotal 

Ret 

Qj-read 

Qj 

Uj 

Rej 

Lift  Height 

Qi-read 

Qj 

U| 

Rej 

(ymin0C)(l/min  RT)  (trVs) 

(m/s) 

(1/min  0C)(l/min  RT) 

(m/s) 

(in) 

(mm) 

(l/min  0C)(l/min  RT) 

(m/s) 

0 

0 

0 

0 

0 

0 

115.1 

89.7 

2132 

12023 

425 

108 

352 

27.43 

6.52 

3677 

0 

0 

0 

0 

0 

0 

1162 

90.56 

21.52 

12138 

4.25 

108 

0 

0 

0 

0 

2 

2.16 

0.073 

119 

0.084 

138 

118.8 

92.58 

22.01 

12410 

4 

102 

38.3 

29.85 

7.094 

4X1 

4 

4.33 

0.146 

239 

0.169 

276 

70.4 

54.86 

13.04 

7354 

2.5 

64 

32.1 

25.02 

5.946 

3353 

3.5 

3.79 

0.128 

209 

0.148 

241 

75.4 

58.76 

13.97 

7876 

0 

0 

37 

28.83 

6.854 

3865 

3 

325 

0.11 

179 

0.127 

207 

1132 

88.22 

20.97 

11825 

0 

0 

39.7 

X.94 

7.354 

4147 

6 

6.49 

0.219 

358 

0253 

414 

58.6 

45.67 

10.85 

6121 

225 

57 

25.6 

19.95 

4.742 

2674 

8 

8.66 

0292 

478 

0.337 

552 

49.8 

38.81 

922 

5202 

0.75 

19 

23.1 

18 

4.279 

2413 

11 

11.91 

0.402 

657 

0.464 

758 

38.8 

30.24 

7.19 

4053 

1 

25 

21.8 

16.99 

4.038 

2277 

15 

1624 

0.548 

896 

0.633 

1034 

27.5 

21.43 

5.09 

2873 

1.56 

40 

18.8 

14.65 

3.482 

1964 

15 

1624 

0.548 

896 

0.633 

1034 

25.7 

20.03 

4.76 

2685 

0 

0 

0 

0 

0 

0 

20 

21.65 

0.731 

1194 

0.844 

1379 

20.3 

15.82 

3.76 

2121 

3.5 

89 

1.1 

0.86 

0.204 

115 

25 

27.06 

0.913 

1493 

1.055 

1724 

19.2 

14.96 

3.56 

2006 

4 

102 

0 

0 

0 

0 

X 

32.47 

1.096 

1791 

1.265 

2069 

16.3 

12.7 

3.02 

1703 

5.125 

IX 

0 

0 

0 

0 

32 

34.64 

1.169 

1911 

1.35 

2206 

13.5 

10.52 

2.5 

1410 

5.5 

140 

0 

0 

0 

0 

34.8 

37.67 

1271 

2078 

1.468 

2400 

7 

5.46 

1.3 

731 

0 

0 

0 

0 

0 

0 

34 

36.8 

1242 

2030 

1.434 

2344 

9.2 

7.17 

1.7 

961 

0 

0 

0 

0 

0 

0 

35.1 

37.99 

1282 

2096 

1.481 

2420 

4 

3.12 

0.74 

418 

0 

0 

0 

0 

0 

0 

362 

39.18 

1.322 

2162 

1.527 

2496 

1.1 

0.86 

02 

115 

0 

0 

0 

0 

0 

0 
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StablUty  Limits 


Fie  Name  M904.STB 

Dale  mm 

Measured  by  F.  Takahashi 


Fuel 

Oxidant 

Methane 

Air 

C.  F. 

0.72 

P  iglcc) 
p  (g'cc) 

0.000659 

0.001194 

P  (g'cms) 

P  (g/cms) 

0.000110 

0.000183 

V 

V 

(scnVs) 

(scm/s) 

0.168 

0.153 

No. 

d(in) 

d(mm) 

s(scm) 

E^SI 

Note 

F 

C 

Fuel  Tube 

IB 

0.372 

9.45 

0.701 

0.386 

9.80 

Sharp-edged  (re-labricated) 

RT(low) 

72.5 

22.5 

Air  Tube 

1 

1.060 

26.92 

5.693 

1.074 

27.28 

Long  exit  section  (4.125  in  1.) 

RT(high) 

72.5 

22.5 

Annular  Channel 

25.08 

4938 

Coilowing  Air  Tube 

5.906 

150 

170.9 

RT(ave.) 

72.S 

22.5 

Coflowing  Air  (F5) 

Qe  (kmin70F) 

513 

Ue  (m/s) 

0.5 

100/RT(K) 

0.338 

Swirter  Unit 

45 

Degree 

Annular  Air 

Fuel  Jet  at  Lihinq 

Fuel  Jet  at  Dropback 

Qa-read 

Qa 

Ua 

Rea 

Utotal 

Ret 

Qj-read 

Qi 

Uj 

Rej 

Lift  Height 

Qj-read 

Qj 

Uj 

Rej 

(l/min  0C)(l/min  RT)  (nVs) 

(nVs) 

(l/min  0C)(l/rran  RT) 

(m/s) 

(in) 

(mm) 

(l/min  OC)  (l/min  RT) 

(m/s) 

0 

0 

0 

0 

0 

0 

113.1 

88.14 

20.95 

11815 

455 

108 

355 

27.4? 

6.52 

3677 

0 

0 

0 

0 

0 

0 

113.4 

88.37 

21.01 

11846 

0 

0 

0 

0 

0 

0 

2 

2.16 

0.073 

119 

0.139 

227 

115.2 

89.78 

21.34 

12034 

3.75 

95 

38.2 

29.77 

7.08 

3990 

4 

433 

0.146 

239 

0578 

455 

70.9 

5555 

13.13 

7406 

2.5 

64 

33.6 

26.18 

6.22 

3510 

3 

355 

0.11 

179 

0509 

341 

116 

90.4 

21.49 

12117 

3.75 

95 

40.3 

31.41 

7.46 

4210 

6 

6.49 

0519 

358 

0.417 

682 

60.1 

46.84 

11.13 

6278 

255 

57 

27.1 

21.12 

5.02 

2831 

8 

8.66 

0592 

478 

0.556 

909 

51.5 

40.13 

9.54 

5380 

1.75 

44 

24 

18.7 

4.45 

2507 

11 

11.91 

0.402 

657 

0.765 

1250 

40 

31.17 

7.41 

4178 

1.5 

38 

22.9 

17.85 

4.24 

2392 

15 

1654 

0.548 

896 

1.043 

1705 

315 

24.31 

5.78 

3259 

1.125 

29 

21.3 

16.6 

3.95 

2225 

15 

1654 

0.548 

896 

1.043 

1705 

28.05 

21.86 

55 

2930 

155 

32 

213 

16.6 

3.95 

2225 

20 

21.65 

0.731 

1194 

1.391 

2273 

19.85 

15.47 

3.68 

2074 

355 

83 

18.5 

14.42 

3.43 

1933 

25 

27.06 

0.913 

1493 

1.738 

2842 

18.3 

1456 

3.39 

1912 

3.75 

95 

10.1 

7.87 

1.87 

1055 

30 

32.47 

1.096 

1791 

2.086 

3410 

19 

14.81 

3.52 

1985 

4 

102 

5.8 

4.52 

1.07 

606 

35 

37.88 

1579 

2090 

2.434 

3979 

19.8 

15.43 

3.67 

2068 

0 

0 

5.7 

4.44 

1.06 

595 

40 

43.29 

1.461 

2389 

2.781 

4547 

20.45 

15.94 

3.79 

2136 

4 

102 

7.05 

5.49 

1.31 

736 

45 

48.71 

1.644 

2687 

3.129 

5115 

20.9 

1659 

3.87 

2183 

4 

102 

8.2 

6.39 

1.52 

857 

56 

60.61 

2.046 

3344 

3.894 

6366 

15 

11.69 

2.78 

1567 

4.75 

121 

0 

0 

0 

0 

51.3 

55.53 

1.874 

3063 

3.567 

5831 

10 

7.79 

1.85 

1045 

4 

102 

0 

0 

0 

0 

45.6 

49.36 

1.666 

2723 

3.171 

5183 

5 

3.9 

0.93 

522 

0 

0 

0 

0 

0 

0 

37.3 

40.37 

1.363 

2227 

2.594 

4240 

2.5 

1.95 

0.46 

261 

0 

0 

0 

0 

0 

0 

36.5 

39.51 

1.333 

2180 

2.538 

4149 

2.5 

1.95 

0.46 

261 

0 

0 

0 

0 

0 

0 

38 

41.13 

1.388 

2269 

2.642 

4320 

2.5 

1.95 

0.46 

261 

0 

0 

0 

0 

0 

0 

39.1 

42.32 

1.428 

2335 

2.719 

4445 

1.1 

0.86 

05 

115 

0 

0 

0 

0 

0 

0 
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stability  Limits 


RteName 

M906.STB 

Date 

5^4/89.6/22/89 

Measured  by 

F.  Takahashi 

Fuel 

Methane  C.  F.  0.72 

P  (g'cc) 

0.000659 

Oxidant 

Air 

P  (g'cc) 

0.001194 

M  (g^cms)  0.000111  v  (scnv's)  0 168 

|i  (^cms)  0.000183  v  (scm's)  0168 


No. 

d(in) 

d(mm) 

s(scm) 

B8SI 

Note 

F 

c 

Fuel  Tube 

IB 

0.372 

9.45 

0.701 

0.386 

9.80 

Sharp-edged  (re-fabricated) 

RT(low) 

71,7 

22.1 

Air  Tube 

1 

1.060 

26.92 

5.693 

1.074 

2728 

Long  exit  section  (4. 1 25  in  1 

.) 

RT(high) 

73.7 

23  2 

/Annular  Channel 

25.08 

4.938 

Cotlowing  Air  Tube 

5.906 

150 

170.9 

H1(ave  i 

72  7 

22.6 

Coflowing  Air  (F5) 

Qe  {kmin70F) 

513 

Ue  (m/s) 

0.5 

100/RT(K) 

0  338 

Swirler  Unit 

60 

Degree 

Annular  Air 

Fuel  Jet  at  Lifting 

Fuel  Jet  at  Dropback 

Qa-read 

Qa 

Ua 

Rea 

Utotal 

Ret 

Qj-read 

Qj 

I'i 

Rej 

Lift  Height 

Qj-read 

Qj 

Uj 

Rej 

{l/min  0C)(l/min  RT) 

(nVs) 

(m/s) 

(l/min  OC)  (l/min  RT) 

(rtVs) 

(in)  (mm) 

(l/min  OC)  (l/min  RT) 

(m/s) 

0 

0 

0 

0 

0 

0 

87.3 

94.53 

22.47 

12662 

4.375 

Ill 

23,6 

25.55 

6974 

3423 

0 

0 

0 

0 

0 

0 

87.6 

94,85 

22.55 

12705 

4.375 

111 

23.3 

2523 

5.997 

3379 

3 

3.25 

0.11 

179 

0219 

358 

59.4 

64.32 

1529 

8615 

3 

76 

27.8 

30.1 

7.155 

4032 

2 

2.17 

0.073 

119 

0.146 

239 

832 

90.09 

21.41 

12067 

4 

102 

25.6 

27.72 

6.588 

3713 

6 

6.5 

0219 

358 

0.439 

716 

43.9 

47.53 

11.3 

6367 

2.25 

57 

20.6 

22.31 

5.302 

2988 

9 

9.75 

0.329 

537 

0.658 

1075 

33.9 

36.71 

8.725 

4917 

0.75 

19 

18,9 

20.46 

4.864 

2741 

12 

12.99 

0.439 

716 

0.877 

1433 

29 

31.4 

7,464 

4206 

0.875 

22 

195 

21.11 

5.019 

2828 

15 

16.24 

0.548 

895 

1.096 

1791 

23.2 

25.12 

5.971 

3365 

1 

25 

17.5 

18.95 

4.504 

2538 

15.2 

16.46 

0.555 

907 

1.111 

1815 

22.1 

23.93 

5.688 

3205 

1 

25 

21.3 

23.06 

5.482 

3089 

20.2 

21.87 

0.738 

1206 

1.476 

2412 

24.9 

26.96 

6,408 

3611 

1.125 

29 

19 

20,57 

489 

2756 

30.5 

33.02 

1.115 

1821 

2229 

3642 

33.5 

36.27 

8.622 

4859 

1.375 

35 

18,1 

19.6 

4.658 

2625 

40 

43.31 

1.462 

2388 

2.923 

4776 

36.1 

39.09 

9291 

5236 

2 

51 

20,4 

22.09 

5.25 

2959 

50 

54.14 

1.827 

2985 

3.654 

5970 

46 

49.81 

11,84 

6672 

2.5 

64 

24,4 

26.42 

628 

3539 

59.8 

64.75 

2.185 

3570 

4.371 

7140 

462 

50.02 

11.89 

6701 

3 

76 

27 

2924 

6.949 

3916 

69.6 

75.36 

2.543 

4155 

5.087 

8310 

49.1 

53.16 

12.64 

7121 

3 

76 

37.2 

40.28 

9.574 

5395 

80 

86.62 

2.923 

'•776 

5.847 

9552 

48.7 

52.73 

12.53 

7063 

3 

76 

42 

4548 

10.81 

6092 

90 

97.45 

3289 

5373 

6.578 

10745 

49.6 

53.71 

12.77 

7194 

3 

76 

48.4 

52.41 

12.46 

7020 

100.1 

108.4 

3.658 

5976 

7.316 

11951 

53.8 

5825 

13.85 

7803 

3 

76 

512 

55.44 

13.18 

7426 

1102 

119.3 

4.027 

6579 

8.054 

13157 

53.6 

58.04 

13.8 

7774 

3.5 

89 

0 

0 

0 

0 

125.9 

136.3 

4.601 

7516 

9202 

15032 

45 

48.73 

11.58 

6527 

3.5 

89 

0 

0 

0 

0 

120 

129.9 

4.385 

7164 

8.77 

14327 

548 

5934 

14.1 

7948 

3.5 

89 

0 

0 

0 

0 

107.5 

116.4 

3,928 

6417 

7857 

12835 

35 

37,9 

9008 

5076 

3,5 

89 

0 

0 

0 

0 

982 

106.3 

3.589 

5862 

7.177 

11725 

30 

32.48 

7.721 

4351 

3 

76 

0 

0 

0 

0 

91.7 

9929 

3.351 

5474 

6.702 

10948 

25 

27.07 

6.434 

3626 

2 

51 

0 

0 

0 

0 

80.6 

8727 

2.945 

4812 

5891 

9623 

20 

21.66 

5.147 

2901 

1.75 

44 

0 

0 

0 

0 

76.7 

83.05 

2.K)3 

4579 

5.606 

9158 

15 

16.24 

3.86 

2176 

1.25 

32 

0 

0 

0 

0 

62.4 

67.57 

228 

3725 

4.561 

7450 

10 

10.83 

2.574 

1450 

0.5 

13 

0 

0 

0 

0 

50.8 

55.01 

1.856 

3033 

3.713 

6065 

5 

541 

1.287 

725 

0.5 

13 

0 

0 

0 

0 

33.8 

36.6 

1235 

2018 

2.47 

4036 

0,9 

097 

0.232 

131 

0.5 

13 

0 

0 

0 

0 

130 

140.8 

4.751 

7761 

9.501 

15521 

55.1 

59.66 

14.18 

7992 

4 

102 

0 

0 

0 

0 

140 

151.6 

5.116 

8358 

lOj^ 

16715 

53.3 

57.71 

13.72 

7730 

4 

102 

0 

0 

0 

0 

140.4 

152 

5.131 

8381 

1026 

16763 

50 

54.14 

12.87 

7252 

4 

102 

0 

0 

0 

0 
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stability  Limits 


Fie  Name  M910.STB 

Dale  6/25/89 

Measured  by  F.  Takabashi 


Fuel 

Methane 

C  F, 

0.72 

p  (g/cc)  0.000659 

p  (g/cms) 

0.000111  V 

(scnVs) 

0.168 

Oxidant 

Air 

p{g/cc)  0.001193 

p  (g'cms) 

0.000183  V 

(scm/s) 

0.154 

No. 

d(in) 

d(mm) 

s(scm) 

Note 

F 

C 

Fuel  Tube 

2 

0.372 

9.45 

0.701 

0.466  11 .84  Flat-end  (1 2  mm  thickness) 

RT(low) 

73.0 

22.8 

Air  Tube 

1 

1.060 

26.92 

5693 

1.074  27.28  Long  exit  section  (4.125  ini.) 

RT(high) 

73.0 

22.8 

Annular  Channel 

24.18 

4.593 

Coflowing  Ar  Tube 

5.906 

150 

170.9 

RT{ave.) 

73.0 

22.8 

Coftowing  Air  (F5)  Qe  (l/min70F)  513  Ue(riVs)  0.5  100/RT(K)  0.338 

Swirter  Unit  0  Degree 


Annular  Air 

Fuel  Jet  at  Lihing 

Fuel  Jet  at  Dropback 

Oa-read 

Qa 

Ua 

Rea 

Utotal 

Ret 

Qj-read 

Qj 

Uj 

Rej 

Lift  Height 

Q)-read 

Qi 

Uj 

Rej 

(1/min  0C)(l/min  RT) 

(nVs) 

(m/s) 

(l/min  0C){l/min  RT) 

(nVs) 

(in) 

(mm) 

(l/min  OC)  (1/min  RT) 

(nVs) 

0 

0 

0 

0 

0 

0 

84.8 

91.87 

21.84 

12293 

4.25 

108 

22.4 

24.27 

5.768 

3247 

0 

0 

0 

0 

0 

0 

85.5 

92.63 

22.02 

12395 

425 

108 

23.8 

25.78 

6.129 

3450 

3 

3.25 

0.118 

186 

0.118 

186 

77.3 

83.75 

19.91 

11206 

4 

102 

29 

31.42 

7.468 

4204 

4.5 

488 

0.177 

278 

0.177 

278 

542 

58.72 

13.96 

7857 

325 

83 

23 

24.92 

5.923 

3334 

6 

6.5 

0236 

371 

0236 

371 

50 

54.17 

12.88 

7248 

2.75 

70 

20.3 

21.99 

5.227 

2943 

9 

9.75 

0.354 

557 

0.354 

557 

45.1 

48.86 

11.61 

6538 

2.5 

64 

16.2 

17.55 

4.172 

2348 

12 

13 

0.472 

742 

0.472 

742 

39.6 

42.9 

10.2 

5741 

2.25 

57 

15 

16.25 

3.863 

2174 

15 

1625 

0.59 

928 

0.59 

928 

29.6 

32.07 

7.622 

4291 

1 

25 

4.6 

4.98 

1.185 

667 

15 

16.25 

0.59 

928 

0.59 

928 

29.6 

32.07 

7.622 

4291 

1.5 

38 

0 

0 

0 

0 

18 

19.5 

0.708 

1114 

0.708 

1114 

26.4 

30.77 

7.313 

4117 

1.5 

38 

0 

0 

0 

0 

21 

22.75 

0.826 

1299 

0.826 

1299 

20.9 

22.64 

5.382 

3030 

2.375 

60 

0 

0 

0 

0 

24 

26 

0.944 

1485 

0.944 

1485 

17.1 

18.53 

4.403 

2479 

3.25 

83 

0 

0 

0 

0 

27 

2925 

1.061 

1671 

1.061 

1671 

14.1 

1528 

3.631 

2044 

5 

127 

0 

0 

0 

0 

30 

325 

1.179 

1856 

1.179 

1856 

12.5 

13.54 

3.219 

1812 

7 

178 

0 

0 

0 

0 

33 

35.75 

1297 

2042 

1297 

2042 

102 

11.05 

2.627 

1479 

9 

229 

0 

0 

0 

0 

36 

39 

1.415 

2227 

1  415 

2227 

8 

8.67 

2.06 

1160 

0 

0 

0 

0 

0 

0 

39 

42.25 

1.533 

2413 

1.533 

2413 

6 

6.5 

1.545 

870 

0 

0 

0 

0 

0 

0 

42 

45.5 

1.651 

2599 

1.651 

2599 

3.9 

423 

1.004 

565 

0 

0 

0 

0 

0 

0 

45 

48.75 

1.769 

2784 

1.769 

2784 

2 

217 

0515 

290 

0 

0 

0 

0 

0 

0 

47.5 

51.46 

1.867 

2939 

1.867 

2939 

0.82 

089 

0.211 

119 

0 

0 

0 

0 

0 

0 

\\> 


Stablltty  Limits 


F8e  Name 
[)ate 

Measured  by 

Fuel 

Oxidant 

M914.STB 

5I2G/B9 

F.  Takahashi 
Methane 

Air 

C.  F. 

0.72 

p  [glee) 

P  (9^cc) 

0.000660 

0.001195 

P  (g/ems) 
p  (g'ems) 

0.000110 

0.000183 

V  (sem/s) 

V  (scrrVs) 

0.167 

0153 

No. 

d(in) 

d(mm)  ! 

Mscm) 

D(in) 

D(mm) 

Note 

F 

C 

Fuel  Tube 

2 

0.372 

9.45 

0.701 

0.466 

11.84 

Flat-end  (1 .2  mm  thickness) 

RT(low) 

71.0 

21  7 

Air  Tube 

1 

1.060 

26.92 

5.693 

1.074 

27.28 

Long  exit  section  (4.125  in  1.) 

RT(high) 

73.4 

23 

Annular  Channel 

24.18 

4.593 

Coflowing  Air  Tube 

5.906 

150 

170.9 

Ht(ave,) 

72.2 

22.3 

Coflowing  Air  (F5) 

Qe  (kmin70F) 

513 

Ue(m/s) 

0.5 

100/RT(K) 

0  338 

Swirler  Unit 

45 

Degree 

Annular  Air 

Fuel  Jet  at  Lifting 

Fuel  Jet  at  Dropback 

Qa-read 

Qa 

Ua 

Rea 

Utotal 

Ret 

Qj-read 

Qi 

Uj 

Rej 

Lift  Height 

Qj-read 

Qj 

Uj 

Rej 

(l/min  0C)(l/min  RT) 

(m/s) 

(nVs) 

(l/min  0C)(l/min  RT) 

(m/s) 

(in) 

(mm) 

(l/min  OC)  (l/min  RT) 

(trVs) 

0 

0 

0 

0 

0 

0 

85.7 

92.71 

22.04 

12440 

4.25 

108 

25 

27.04 

6.428 

3629 

0 

0 

0 

0 

0 

0 

85.6 

92.6 

22.01 

12425 

4.25 

108 

25 

27.04 

6.428 

3629 

3 

325 

0.118 

186 

0.167 

263 

62.5 

67.61 

16.07 

9072 

3.75 

95 

27.6 

29.86 

7.097 

4006 

6 

6.49 

0.236 

372 

0.333 

526 

52.3 

56.58 

13.45 

7592 

2,75 

70 

18.8 

20.34 

4  834 

2729 

9 

9.74 

0.353 

558 

0.5 

788 

46 

49.76 

11.83 

6677 

2.5 

64 

18.9 

20.45 

4.86 

2743 

12 

12.98 

0.471 

743 

0.666 

1051 

412 

44.57 

10.59 

5980 

2.25 

57 

17.4 

18.82 

4.474 

2526 

15 

1623 

0.589 

929 

0.833 

1314 

37.5 

40.57 

9.642 

5443 

1.375 

35 

19.4 

20.99 

4.988 

2816 

15 

1623 

0.589 

929 

0.833 

1314 

31.7 

34.29 

8.151 

4601 

1.5 

38 

15.6 

16.88 

4.011 

2264 

15 

1623 

0.589 

929 

0.833 

1314 

30.7 

33.21 

7.894 

4456 

1.5 

38 

15.6 

16.88 

4.011 

2264 

18 

19.47 

0.707 

1115 

0.999 

1577 

24.8 

2683 

6.377 

3600 

1.75 

44 

7.7 

8.33 

1.98 

1118 

21 

22.72 

0.824 

1301 

1.166 

1840 

22.2 

24.02 

5.708 

3222 

2 

51 

3.2 

3.46 

0.823 

464 

24 

25.96 

0.942 

1487 

1.332 

2103 

16.1 

17.42 

4.14 

2337 

3.5 

89 

0 

0 

0 

0 

27 

2921 

1.06 

1673 

1.499 

2365 

15.1 

16.33 

3.883 

2192 

4 

102 

0 

0 

0 

0 

30 

32.45 

1.178 

1858 

1.665 

2628 

14.9 

1612 

3.831 

2163 

4.25 

108 

0 

0 

0 

0 

33 

35.7 

1.295 

2044 

1.832 

2891 

15.6 

16.88 

4.011 

2264 

4.5 

114 

0 

0 

0 

0 

36 

3894 

1.413 

2230 

1.998 

3154 

15.5 

16.77 

3.985 

2250 

4.75 

121 

0 

0 

0 

0 

38 

41.11 

1492 

2354 

2.11 

3329 

1.25 

1.35 

0.321 

181 

1.25 

32 

0 

0 

0 

0 

37  8 

40.89 

1484 

2342 

2.098 

3311 

0.85 

0.92 

0219 

123 

1 

25 

0 

0 

0 

0 

39.6 

42.84 

1.554 

2453 

2.198 

3469 

1.05 

1.14 

0.27 

152 

1 

25 

0 

0 

0 

0 
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stability  Umits 


Fie  Name  M916.STB 

Dale  5/21/89 

Measured  by  F.  Takahashi 


Fuel 

Oxidant 

Methane 

Air 

C.  F. 

0.72 

P  (g^cc) 

P  (a'cc) 

0.000659 

0.001192 

p  (g/cms) 

P  (g/cms) 

0.000111 

0.000183 

V  (scnVs) 

V  (scm/s) 

0.168 

0.154 

No. 

d(in) 

d(mm) 

s(scm) 

■xm 

EIBI 

Note 

F 

C 

Fuel  Tube 

2 

0.372 

9.45 

0.701 

0.466 

11.84 

Flat-end  (1 2  mm  thickness) 

RT(low) 

71.0 

21.7 

Air  Tube 

1 

1.060 

26.92 

5.693 

1.074 

2728 

Long  exit  section  (4.125  in  1.) 

RT(high) 

73.4 

23 

Annular  Channel 

24.18 

4.593 

Coflowing  Air  Tube 

5.906 

150 

170.9 

RT(ave.) 

72.2 

22.3 

Coflowing  Air  (F5) 

Qe  (l/min  70F) 

513 

Ue  (nVs) 

0.5 

100/RT(K) 

0.338 

Swirler  Unit 

60 

Degree 

Annular  Air 

Fuel  Jet  at  Lifting 

Fuel  Jet  at  Dropback 

Qa-read 

Qa 

Ua 

Rea 

Utotal 

Ret 

Q|-read 

Qj 

Uj 

Rej 

Lift  Height 

Oj-read 

Qj 

Uj 

Rej 

(l/min  0C)(l/min  RT)  (m/s) 

(m/s) 

(l/min  0C)(l/min  RT) 

(nVs) 

(in) 

(mm) 

(l/min  OC)  (l/min  RT) 

(m/s) 

0 

0 

0 

0 

0 

0 

84.6 

91.69 

21.79 

12260 

4.5 

114 

25 

27.09 

6.44 

3623 

3 

3.25 

0.118 

186 

0236 

371 

62.3 

67.52 

16.05 

9028 

3.25 

83 

28.6 

31 

7.367 

4145 

6 

6.5 

0236 

371 

0.472 

742 

50.9 

55.17 

13.11 

7376 

2.75 

70 

19.3 

20.92 

4.972 

2797 

9 

9.75 

0.354 

557 

0.708 

1113 

45.9 

49.75 

11.82 

6652 

2.5 

64 

17.9 

19.4 

4.611 

2594 

12 

13.01 

0.472 

742 

0.944 

1485 

40.3 

43.68 

10.38 

5840 

2 

51 

18.4 

19.94 

4.74 

2666 

15 

1656 

0.59 

928 

1,18 

1856 

34.8 

37.72 

8.965 

5043 

1.13 

29 

17.1 

18.53 

4.405 

2478 

2D 

21.68 

0.787 

1237 

1.573 

2474 

29 

31.43 

7.471 

4203 

1 

25 

17.5 

18.97 

4.508 

2536 

25 

27.09 

0.983 

1546 

1.966 

3093 

30.7 

3327 

7.908 

4449 

1.5 

38 

17.5 

18.97 

4.508 

2536 

30 

32.51 

1.18 

1856 

2.36 

3711 

32 

34.68 

8.243 

4637 

1.75 

44 

17.5 

18.97 

4.508 

2536 

40 

43.35 

1.573 

2474 

3.146 

4948 

38.9 

42.16 

10.02 

5637 

2 

51 

18 

19.51 

4.637 

2609 

50 

54.19 

1.966 

3093 

3.933 

6186 

47.8 

51.81 

12,31 

6927 

2.5 

64 

18.1 

19.62 

4.663 

2623 

60 

65.03 

2.36 

3711 

4.719 

7423 

55.9 

60.58 

14.4 

8101 

3 

76 

19.9 

21.57 

5.126 

2884 

70 

75.87 

2.753 

4330 

5,506 

8660 

622 

6741 

16.02 

9014 

3.13 

79 

17,1 

18.53 

4.405 

2478 

80 

86.7 

3.146 

4948 

6292 

9897 

67.7 

73.37 

17.44 

9811 

3.13 

79 

0 

0 

0 

0 

90 

97.54 

3.539 

5567 

7.079 

11134 

69 

74.78 

17.78 

9999 

3.5 

89 

0 

0 

0 

0 

100 

108.4 

3.933 

6186 

7.866 

12371 

65.9 

71.42 

16.98 

9550 

3.5 

89 

0 

0 

0 

0 

110 

1192 

4.326 

6804 

8.652 

13608 

62.3 

67.52 

16.05 

9028 

3.5 

89 

0 

0 

0 

0 

120 

130.1 

4.719 

7423 

9.439 

14845 

58.9 

63.84 

15.17 

8536 

3.5 

89 

0 

0 

0 

0 

130 

140.9 

5.113 

8041 

10.23 

16082 

58.8 

63.73 

15.15 

8521 

3.5 

89 

0 

0 

0 

0 

140 

151.7 

5.506 

8660 

11.01 

17320 

58 

62.86 

14.94 

8405 

3.5 

89 

0 

0 

0 

0 

137.1 

148.6 

5.392 

8480 

10.78 

16961 

57.6 

62.43 

14.84 

8347 

3.5 

89 

0 

0 

0 

0 

140 

151.7 

5.506 

8660 

11.01 

17320 

56.5 

6123 

14.56 

8188 

3.5 

89 

0 

0 

0 

0 

136 

147.4 

5.349 

8412 

10.7 

16825 

572 

61.99 

14,74 

8289 

3.5 

89 

0 

0 

0 

0 

141 

152.8 

5.545 

8722 

11.09 

17443 

54.4 

58.96 

14.01 

7884 

4.5 

114 

0 

0 

0 

0 

136.4 

147.8 

5.364 

8437 

10.73 

16874 

50.9 

55.17 

13.11 

7376 

4.5 

114 

0 

0 

0 

0 

132.6 

143.7 

5215 

8202 

10.43 

16404 

43,4 

47.04 

11.18 

6289 

4.25 

108 

0 

0 

0 

0 

119 

129 

4.68 

7361 

9.36 

14722 

36 

39  02 

9,274 

5217 

4 

102 

0 

0 

0 

0 

104.1 

112.8 

4.094 

6439 

8.188 

12878 

29.1 

31.54 

7.496 

4217 

3,5 

89 

0 

0 

0 

C 

87.7 

95.05 

3.449 

5425 

6.898 

10849 

21.8 

2363 

5.616 

3150 

2.5 

64 

0 

0 

0 

0 

79.7 

86.38 

3.134 

4930 

6.269 

9860 

146 

15.82 

3,761 

2116 

2 

51 

0 

0 

0 

0 

147 


stability  Limits 


File  Name  M920.STB 

Date  4/27/89 

Measured  by  F.  Takahashi 


Fuel 

Oxidant 

Methane 

Air 

C.  F. 

0.72 

p  (glee) 
p  {glee) 

0.000659 

0.001193 

P  (g/ems) 
p  (g/ems) 

0.000111 

0.000183 

V 

V 

1 1 

0.168 

0.154 

No. 

d(in) 

d(mm) 

s(scm) 

mm 

QRfSSI 

Note 

F 

C 

Fuel  Tube 

3 

0.372 

9.45 

0.701 

0.562 

1427 

Flat-end  (2.4mm  thickness) 

RT(low) 

72.6 

22.6 

Air  Tube 

1 

1.060 

26.92 

5.693 

1.074 

2728 

Long  exit  section  (4.125  in  1.) 

RT(high) 

73.5 

23.1 

Annular  Channel 

22.83 

4.093 

Coflowing  Air  Tube 

5.906 

150 

170.9 

HT(ave.) 

73.1 

22.8 

Cofiowing  Air  (F5) 

Qe  (l/rTBn70F) 

513 

Ue  (m/s) 

0.5 

100/RT(K) 

0.338 

Swirter  Unit 

0 

Degree 

Annular  Air 

Fuel  Jet  at  Lifting 

Fuel  Jet  at  Dropback 

Qa-read 

Qa 

Ua 

Rea 

Utotal 

Ret 

Qj-read 

Qj 

Uj 

Rej 

Lift  Heighi 

Qj-read 

Qj 

Uj 

Rej 

(l/minOC)(VminRT) 

(rrVs) 

(nVs) 

(1/min  0C)(l/min  RT) 

(ttVs) 

(in)  (mm) 

(l/min  OC)  (1/min  RT) 

(nVs) 

0 

0 

0 

0 

0 

0 

104.5 

81.52 

19.38 

10906 

4.25 

108 

35.5 

27.69 

6.58 

3705 

2 

2.17 

0.088 

131 

0.088 

131 

102.7 

80.12 

19.04 

10718 

0 

0 

38.9 

30.35 

7.21 

4060 

4 

4.33 

0.176 

262 

0.176 

262 

85.25 

66.5 

15.81 

8897 

325 

83 

30.9 

24.11 

5.73 

3225 

6 

6.5 

0265 

393 

0265 

393 

85 

66.31 

15.76 

8871 

3.125 

79 

24.3 

18.96 

4.51 

2536 

8 

8.67 

0.353 

524 

0.353 

524 

84 

65.53 

15.58 

8767 

3.125 

79 

21.9 

17.08 

4.06 

2286 

10 

10.83 

0.441 

655 

0.441 

655 

842 

65.69 

15.61 

8788 

325 

83 

20.8 

1623 

3.86 

2171 

12 

13 

0.529 

786 

0.529 

786 

85.8 

66.^ 

15.91 

8955 

3.375 

86 

17.8 

13.89 

3.3 

1858 

14 

15.17 

0.618 

918 

0.618 

918 

88 

68.65 

16.32 

9184 

3.75 

95 

10.5 

8.19 

1.95 

1096 

16 

17.34 

0.706 

1049 

0.706 

1049 

89.3 

69.66 

16.56 

9320 

0 

0 

4.5 

3.51 

0.83 

470 

18 

19.5 

0.794 

1180 

0.794 

1180 

92.3 

72 

17.11 

9633 

3.375 

86 

0 

0 

0 

0 

20 

21.67 

0.882 

1311 

0.882 

1311 

92 

71.77 

17.06 

9602 

3.75 

95 

0 

0 

0 

0 

23 

24.92 

1.015 

1507 

1.015 

1507 

962 

75.05 

17.84 

10040 

3.75 

95 

0 

0 

0 

0 

26 

28.17 

1.147 

1704 

1.147 

1704 

96.5 

75.28 

17.89 

10071 

3.75 

95 

0 

0 

0 

0 

30 

32.5 

1.324 

1966 

1.324 

1966 

95.2 

74.27 

17.65 

9936 

0 

0 

0 

0 

0 

0 

35 

37.92 

1.544 

2294 

1.544 

2294 

93.7 

73.1 

17.37 

9779 

0 

0 

0 

0 

0 

0 

40 

43.34 

1.765 

2622 

1.765 

2622 

91.9 

71.69 

17.04 

9591 

0 

0 

0 

0 

0 

0 

45 

48.76 

1.985 

2949 

1.985 

2949 

91.3 

7122 

16.93 

9529 

0 

0 

0 

0 

0 

0 

50 

54.17 

2206 

3277 

2206 

3277 

90.2 

70.37 

16.73 

9414 

0 

0 

0 

0 

0 

0 

55 

59.59 

2.427 

3605 

2.427 

3605 

89.2 

69.59 

16.54 

9310 

0 

0 

0 

0 

0 

0 

60 

65.01 

2.647 

3932 

2.647 

3932 

88.1 

68.73 

16.34 

9195 

0 

0 

0 

0 

0 

0 

70 

75.84 

3.088 

4588 

3.088 

4588 

86.1 

67.17 

15.96 

8986 

4.75 

121 

0 

0 

0 

0 

75 

8126 

3.309 

4915 

3.309 

4915 

80.1 

62.49 

14.85 

8360 

0 

0 

0 

0 

0 

0 

802 

86.9 

3.538 

5256 

3.538 

5256 

80 

62.41 

14.83 

8349 

5.75 

146 

0 

0 

0 

0 

70.9 

76.82 

3.128 

4647 

3.128 

4647 

84 

65.53 

15.58 

8767 

5.125 

130 

0 

0 

0 

0 

77.3 

83.75 

3.41 

5066 

3.41 

5066 

82 

6397 

15.2 

8558 

0 

0 

0 

0 

0 

0 

91.1 

98.71 

4.019 

5971 

4.019 

5971 

75 

58.51 

13.91 

7827 

6.625 

168 

0 

0 

0 

0 

87.4 

94.7 

3.856 

5728 

3.856 

5728 

77.5 

6046 

14.37 

8088 

0 

0 

0 

0 

0 

0 

99.6 

107.9 

4.394 

6528 

4.394 

6528 

70 

54.61 

12.98 

7306 

8 

203 

0 

0 

0 

0 

94.4 

102.3 

4.165 

6187 

4.165 

6187 

72.5 

56.56 

1344 

7567 

7 

178 

0 

0 

0 

0 

92.6 

100.3 

4.086 

6069 

4.086 

6069 

65 

50  71 

1205 

6784 

7.25 

184 

0 

0 

0 

0 

94.1 

102 

4.152 

6167 

4.152 

6167 

65 

50.71 

12.05 

6784 

0 

0 

0 

0 

0 

0 

92.4 

100.1 

4.077 

6056 

4.077 

6056 

65 

50.71 

12.05 

6784 

0 

0 

0 

0 

0 

0 

90.5 

98.06 

3.993 

5931 

3.993 

5931 

60 

46.81 

11.13 

6262 

725 

184 

0 

0 

0 

0 

82 

88.85 

3.618 

5374 

3.618 

5374 

50 

3901 

9.27 

5218 

9 

229 

0 

0 

0 

0 

I4X 


stability  Limits 


Fie  Name  M923.STB 

Date  5^1/89 


Measured  by  F.  Takahashi 


Fuel 

Methane 

C.  F,  0.72 

P  (g'cc) 

0.000657 

P  (g^cms) 

0.000111 

V  (scnVs)  0 169 

Oxidant 

Air 

P  igicc) 

0.001190 

P  (g'cms) 

0.000184 

V  (scrrVs)  0.154 

No. 

d(in) 

d(mm) 

s(scm) 

■iliSI 

Note 

F 

C 

Fuel  Tube 

3 

0.372 

9.45 

0.701 

0.562 

1457 

Flat-end  (2.4mm  thickness) 

RT(low) 

74.2 

23.4 

Air  Tube 

1 

1.060 

26.92 

5.693 

1.074 

2758 

Long  exit  section  (4.125  in  1.) 

RT(high) 

74.2 

234 

Annular  Channel 

22.83 

4.093 

Cotlowing  Air  Tube 

5.906 

150 

170.9 

HI  (ave ) 

742 

234 

Coilowing  Air  (F5) 

Qe  (l/min70F) 

513 

Ue(nVs) 

0.5 

100/RT(K) 

0.337 

Swirter  Unit 

30 

Degree 

Annular  Air 

Fuel  Jet  at  Lifting 

Fuel  Jet  at  Oropback 

Qa-read 

Qa 

Ua 

Rea 

Utotal 

Ret 

Qj-read 

Qi 

Uj 

Rej 

Lift  Height 

Qj-read 

Qj 

Uj 

Rej 

(l/hin  0C)(l/min  RT)  {mis) 

(mis) 

{\lmin  0C)(Vmin  RT) 

(mis) 

(in) 

(mm) 

(l/min0C)(l/min  RT) 

(nVs) 

0 

0 

0 

0 

0 

0 

835 

90.34 

21.47 

12037 

455 

108 

24.3 

26.39 

6572 

3516 

3 

3.26 

0.133 

196 

0.153 

227 

67.4 

73.18 

17.4 

9752 

3.375 

86 

30 

32.57 

7.743 

4340 

7 

7.6 

0.31 

458 

0.357 

529 

63.7 

69.17 

16.44 

9216 

355 

83 

18.8 

20.41 

4.852 

2720 

11 

11.94 

0.486 

720 

0.562 

831 

64.7 

7055 

16.7 

9361 

3.25 

83 

17.1 

18.57 

4.413 

2474 

14.45 

15.69 

0.639 

945 

0.738 

1092 

65.7 

71.34 

16.96 

9506 

3.25 

83 

135 

14.33 

3.407 

1910 

15 

1659 

0.663 

981 

0.766 

1133 

68.4 

7457 

17.65 

9896 

4 

102 

1.4 

1.52 

0.361 

203 

30 

32.57 

1.326 

1963 

1.532 

2267 

705 

76.23 

18.12 

10157 

4 

102 

0 

0 

0 

0 

45 

48.86 

1.99 

2944 

2597 

3400 

66.1 

71.77 

17.06 

9563 

3.75 

95 

0 

0 

0 

0 

60 

65.15 

2.653 

3926 

3.063 

4533 

635 

68.62 

16.31 

9144 

425 

108 

0 

0 

0 

0 

75 

81.44 

3.316 

4907 

3.829 

Cggg 

0000 

61.9 

6751 

15.98 

8956 

4.75 

121 

0 

0 

0 

0 

90 

97.72 

3.979 

5889 

4.595 

6800 

59.9 

65.04 

15.46 

8666 

5.625 

143 

0 

0 

0 

0 

105 

114 

4.643 

6870 

5.361 

7933 

54.2 

58.85 

13.99 

7842 

6.5 

165 

0 

0 

0 

0 

110.5 

120 

4.886 

7230 

5.642 

8349 

47.1 

51.14 

12.16 

6814 

7 

178 

0 

0 

0 

0 

1075 

116.7 

4.753 

7034 

5.488 

8122 

43.5 

4753 

11.23 

6294 

7 

178 

0 

0 

0 

0 

98.5 

107 

4.355 

6445 

5029 

7442 

365 

39.31 

9.343 

5237 

7.25 

184 

0 

0 

0 

0 

866 

94.03 

3.829 

DOOO 

4.421 

6543 

29 

31.49 

7.485 

4196 

7 

178 

0 

0 

0 

0 

75.1 

81.55 

3.321 

4914 

3.834 

5674 

21.7 

23.56 

5.601 

3140 

7 

178 

0 

0 

0 

0 

56.3 

61.13 

2.489 

3684 

2.874 

4254 

14.4 

15.64 

3.716 

2083 

7 

178 

0 

0 

0 

0 

46.3 

5027 

2.047 

3029 

2.364 

3498 

5.9 

6.41 

1.523 

854 

0 

0 

0 

0 

0 

0 

41.1 

44.63 

1.817 

2689 

2.098 

3105 

0.8 

087 

0.206 

116 

1.25 

32 

0 

0 

0 

0 

# 


II 


150 


stability  Limits 


FleNaine 

Date 

Measured  by 
Fuel 

M924.S7B 

5/1/B9 

F.  Takahashi 
Methane 

C.  F.  0.72 

P  (g'cc) 

0.000661 

H  (g/cms) 

0.000110 

V  (scnVs)  0.167 

Oxidant 

Air 

P  (g'cc) 

0.001196 

P  (9'cms) 

0.000183 

V  (scnVs)  0,153 

No. 

d(in) 

d(mm) 

s(scm) 

WBSM 

Note 

F 

C 

Fuel  Tube 

3 

0.372 

9.45 

0.701 

0.562 

1427 

Flat-end  (2.4mm  thickness) 

RT(low) 

70.3 

21.6 

AkTube 

1 

1.060 

26.92 

5.693 

1.074 

2728 

Long  exit  section  (4.125  in  1.) 

RT(hi^) 

72.2 

22.3 

Annular  Channel 

22.83 

4.093 

Coflowing  Ax  Tube 

5.906 

150 

170.9 

RT(ave.) 

71.6 

22.0 

Coflowing  Air  (F5) 

Qe  (kmin70F) 

513 

U8(m/s) 

0.5 

100/RT(K) 

0.339 

Swirter  Unit 

45 

Degree 

Annular  Air 

Fuel  Jet  at  Lifting 

Fuel  Jet  at  Dropback 

Qa-read 

Qa 

Ua 

Rea 

Utotal 

Ret 

Qj-tead 

Qj 

Uj 

Rej 

Lift  Height 

Qj^ead 

Qj 

Uj 

Rej 

(l/min  0C)(l/min  FtT)  (m/s) 

(m/s) 

C 

1 

c 

1 

(m/s) 

(in) 

(mm) 

(l/min  0C)(I/min  RT) 

(tiVs) 

0 

0 

0 

0 

0 

0 

1032 

60.^ 

19.08 

10797 

3.75 

95 

34.6 

26.92 

6.398 

3620 

0 

0 

0 

0 

0 

0 

102.8 

79.97 

19.01 

10755 

3.75 

95 

0 

0 

0 

0 

4 

4.32 

0.176 

263 

0249 

372 

86.6 

67.37 

16.01 

9060 

0 

0 

32.4 

252 

5.991 

3390 

8 

8.64 

0.352 

525 

0.498 

743 

83.6 

65.19 

15.5 

8767 

3 

76 

22.1 

17.19 

4.086 

2312 

12 

12.97 

0.528 

788 

0.747 

1115 

84.5 

K.73 

15.62 

8841 

325 

83 

20.6 

16.03 

3.809 

2155 

15 

1621 

0.66 

985 

0.933 

1393 

86 

66.9 

15.9 

8998 

3.25 

83 

18 

14 

3.328 

1883 

15 

1621 

0.66 

985 

0.933 

1393 

86.7 

67.45 

16.03 

9071 

325 

83 

0 

0 

0 

0 

20 

21.61 

0.88 

1314 

1244 

1856 

89.5 

69.62 

16.55 

9364 

325 

83 

1.5 

1.17 

0277 

157 

30 

32.41 

1.32 

1971 

1.867 

2787 

892 

69.39 

16.49 

9332 

325 

83 

0 

0 

0 

0 

40 

4322 

1.76 

2627 

2.489 

3716 

86.5 

6729 

15.99 

9050 

3.75 

95 

0 

0 

0 

0 

50 

54.02 

22 

3284 

3.111 

4645 

84.6 

65.81 

15.64 

8851 

3.875 

98 

0 

0 

0 

0 

60 

64.83 

2.64 

3941 

3.733 

5573 

82.7 

64.33 

1529 

8652 

4 

102 

0 

0 

0 

0 

70 

75.63 

3.08 

4598 

4  355 

6502 

80.7 

62.78 

14.92 

8443 

4.5 

114 

0 

0 

0 

0 

80 

86.44 

3.52 

5256 

4978 

7431 

78.4 

60.99 

14.5 

8202 

4,5 

114 

0 

0 

0 

0 

90 

97,24 

3.96 

5912 

5.6 

8360 

77.5 

6029 

14.33 

8108 

4.5 

114 

0 

0 

0 

0 

100 

108 

4.4 

6568 

6222 

9289 

75.5 

58.73 

13.96 

7899 

5 

127 

0 

0 

0 

0 

110 

118.9 

4.84 

7225 

6.844 

10218 

73.3 

57.02 

13.55 

7669 

5,5 

140 

0 

0 

0 

0 

120 

129.7 

528 

7882 

7.466 

11147 

71 

5523 

13.13 

7428 

625 

159 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

107.1 

83.31 

19.8 

11205 

425 

108 

32.7 

25.44 

6.046 

3421 

0 

0 

0 

0 

0 

0 

106 

82.46 

196 

11090 

425 

108 

33.4 

25.98 

6.176 

3494 

15 

1621 

0.66 

985 

0.933 

1393 

872 

67.83 

16.12 

9123 

3.5 

89 

19.3 

15.01 

3.569 

2019 

15 

1621 

0.66 

985 

0.933 

1393 

882 

68.61 

16.31 

9228 

3.5 

89 

14.3 

11.12 

2.644 

1496 

120 

129.7 

528 

7882 

7.466 

11147 

682 

53,05 

12.61 

7135 

6 

152 

0 

0 

0 

0 

127.6 

137.9 

5.614 

8381 

7.939 

11853 

62.5 

48,62 

11.56 

6539 

7.25 

184 

0 

0 

0 

0 

126.8 

137 

5.579 

8329 

7.889 

11779 

59.9 

466 

11.08 

6267 

625 

159 

0 

0 

0 

0 

122.9 

132.8 

5.407 

8073 

7.647 

11416 

55.1 

42.86 

10.19 

5765 

6,5 

165 

0 

0 

0 

0 

117.5 

127 

5.17 

7718 

7.311 

10915 

50.1 

38.97 

9264 

5242 

6.25 

159 

0 

0 

0 

0 

109.6 

118.4 

4.822 

7199 

6.819 

10181 

AS 

35.01 

8.321 

4708 

6.75 

171 

0 

0 

0 

0 

101.6 

109.8 

4.47 

6673 

6.322 

9438 

39.8 

30,96 

7.359 

4164 

39.8 

1011 

0 

0 

0 

0 

95.1 

1028 

4.184 

6246 

5.917 

8834 

34.9 

27.15 

6.453 

3651 

6.75 

171 

0 

0 

0 

0 

83.9 

90.65 

3.691 

5511 

522 

7794 

299 

2326 

5.529 

3128 

6.5 

165 

0 

0 

0 

0 

77.8 

84.06 

3.423 

5110 

4.841 

7227 

25.1 

19.53 

4.641 

2626 

0 

0 

0 

0 

0 

0 

63.4 

685 

2.789 

4164 

3.945 

5889 

198 

15.4 

3.661 

2072 

0 

0 

0 

0 

0 

0 

57 

61.59 

2.508 

3744 

3.547 

5295 

14.9 

11.59 

2,755 

1559 

0 

0 

0 

0 

0 

0 
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StabUlty  Limits 


Fie  Name  M926.STB 

Dale  5^30/89 

Measured  by  F.  Takahashi 

Fuel  Methane  C.  F.  0.72  P  (9^cc)  0.000658  p  (g^cms)  0.000111  v  (scnVs)  0.168 

Oxidant  Air  p  (g^cc)  0.001192  p  (gf'cms)  0.000183  v  (scm/s|  0.154 


No.  d(in)  d(mm)  s(scm)  D  (in)  D  (mm) _ Note 


Fuel  Tube  3 

0.372  9.45 

0.701 

0.562  14.27 

Flat-end  (2.4mm  thickness) 

RT(low) 

72.6  22.6 

Air  Tube  1 

1.060  26.92 

5.693 

1.074  2728 

Long  exit  section  (4.125  in  I.) 

RT(high) 

74.6  237 

,  Annular  Channel 

22.83 

4.093 

Collowing  Ar  Tube 

5.906  150 

170.9 

RT(ave.) 

73.6  23.1 

Coflowing  Air  (F5} 

Qe  (l'min70F) 

513 

Ue(m/s) 

0.5 

100/RT(K) 

0.338 

Swifter  Unit 

60  Degree 

Annular  Air  _ Fuel  Jet  at  Lilting  _ Fuel  Jet  at  Dropback 


Qa^ead  Qa  Ua 

(l/min  0C){l/min  RT)  (rrts) 

Rea 

Utotal 

{mis) 

Ret  Q|-read  Qj 

(l/min  0C)(l/r™n  RT) 

Uj 

(m/s) 

Rej 

Lift  Height  Qj-read  Qj 
(in)  (mm)  (l/min  0C)(I/min  RT) 

Uj 

(m/s) 

Rej 

0 

0 

0 

0 

0 

0 

83.1 

90.13 

21.42 

12035 

4.25 

108 

24.3 

26.36 

6264 

3519 

0 

0 

0 

0 

0 

0 

83.6 

90.67 

21.55 

12107 

4.25 

106 

26.3 

28.53 

6.78 

3809 

3 

325 

0.132 

196 

0265 

393 

67 

72.67 

1727 

9703 

3.25 

83 

30.8 

33.41 

7.94 

4461 

6 

6.51 

0.265 

393 

0.53 

786 

63.7 

69,09 

16.42 

9225 

3.125 

79 

17.8 

19.31 

4.589 

2578 

9 

9.76 

0.397 

589 

0.795 

1179 

62 

6725 

15.98 

8979 

3.125 

79 

17.4 

18.87 

4.486 

2520 

12 

13.02 

0.53 

786 

1.06 

1572 

62.1 

67.35 

16.01 

8994 

3 

76 

16.7 

18,11 

4.305 

2419 

15 

1627 

0.662 

982 

1.325 

1965 

61.6 

66.81 

15.88 

8921 

3 

76 

17.5 

18.98 

4.511 

2534 

15 

1627 

0.662 

982 

1.325 

1965 

60.8 

65.94 

15.67 

8805 

3 

76 

14.5 

15.73 

3.738 

2100 

20 

21.69 

0.883 

1310 

1.767 

2619 

61.5 

66,7 

15.86 

8907 

3 

76 

12.9 

13.99 

3.326 

1868 

30 

32.54 

1.325 

1965 

2.65 

3929 

61.6 

66.81 

15.88 

8921 

3 

76 

9.1 

9.87 

2.346 

1318 

40 

43.38 

1.767 

2619 

3.533 

5239 

64.3 

69.74 

16.58 

9312 

3.125 

79 

12.4 

13.45 

3.197 

1796 

50 

5423 

2208 

3274 

4.417 

6549 

63.1 

68.44 

1627 

9138 

3.125 

79 

12.6 

13.67 

3.248 

1825 

SO 

5423 

2208 

3274 

4.417 

6549 

63.5 

68.87 

16.37 

9196 

3.125 

79 

12.6 

13.67 

3248 

1825 

60 

65.08 

2.65 

3929 

5.3 

7858 

63 

68.33 

1624 

9124 

3.125 

79 

14.8 

16.05 

3.815 

2143 

70 

75.92 

3.092 

4584 

6.183 

9168 

64.1 

69.52 

16.53 

9283 

3.5 

89 

16.3 

17.68 

4202 

2361 

80 

86.77 

3.533 

5239 

7.067 

10478 

64.6 

70.07 

16.65 

9356 

3.5 

89 

0 

0 

0 

0 

90 

97.61 

3.975 

5894 

7.95 

11788 

65.9 

71.48 

16.99 

9544 

3.5 

89 

0 

0 

0 

0 

100 

108.5 

4.417 

6549 

8.833 

13097 

65.5 

71.04 

16.89 

9486 

3.5 

89 

0 

0 

0 

0 

110 

119.3 

4.858 

7204 

9.716 

14407 

63.1 

68.44 

16,27 

9138 

3.5 

89 

0 

0 

0 

0 

120 

1302 

5.3 

7858 

10.6 

15717 

639 

69.31 

16.47 

9254 

3.63 

92 

0 

0 

0 

0 

130 

141 

5.742 

8513 

11.48 

17027 

63.6 

68.98 

16.4 

9211 

3.63 

92 

0 

0 

0 

0 

140 

151.9 

6.183 

9168 

12.37 

18336 

64.3 

69.74 

16.58 

9312 

3.75 

95 

0 

0 

0 

0 

156.8 

170.1 

6.925 

10268 

13.85 

20537 

60.8 

65.94 

15.67 

8805 

4.38 

111 

0 

0 

0 

0 

151.2 

164 

6.670 

9902 

13.36 

19803 

57.9 

62.8 

1493 

8385 

4.25 

106 

0 

0 

0 

0 

133.6 

144.9 

5.901 

8749 

11.8 

17498 

507 

54.99 

13.07 

7343 

4 

102 

0 

0 

0 

0 

122.9 

133.3 

5.428 

8048 

10.86 

16097 

43.4 

47,07 

11.19 

6285 

425 

108 

0 

0 

0 

0 

110 

119.3 

4.858 

7204 

9.716 

14407 

362 

39.26 

9  332 

5243 

3.75 

95 

0 

0 

0 

0 

97.6 

105.9 

4.311 

6392 

8.621 

12783 

29 

31.45 

7.476 

4200 

325 

83 

0 

0 

0 

0 

86.1 

93.38 

3.803 

5638 

7.605 

11277 

21.7 

23.54 

5.594 

3143 

225 

57 

0 

0 

0 

0 

86.8 

9414 

3.834 

5684 

7.667 

11369 

14.4 

15.62 

3,712 

2085 

2 

51 

0 

0 

0 

0 

49.4 

53.58 

2.182 

3235 

4.364 

6470 

52 

5.64 

1,341 

753 

0.5 

13 

0 

0 

0 

0 

41.4 

44.9 

1.828 

2711 

3.657 

5422 

0.8 

0.87 

0.206 

116 

0.5 

13 

0 

0 

0 

0 

MEASURED  VARIABLES 


Mean  velocity  components  (Axial,  radial,  and  tangential  directions) 


N 

N 


N 

Ev, 

V=‘r^, 


N 

w=-ti_ 

N 


where  N  =  number  of  LDV  data  at  a  particular  location 
Uj,  Vj,  Wj  =  measured  velocity  component  samples 


Root-mean-square  fluctuation  velocity  components  (SIG(u’).  SlG(v’).  SlG(w’)  in  the  tabulated  list) 


a{xx)  =  = 


1-1 _ 

N 


a(v')  =  = 


1-1 _ 

N  N 


t7(w’)  =  = 


EK' ’♦O' 

_ 

\  N 


Reynolds  shear  stresses  (u’v’,  v’w’,  w’u’  in  the  tabulated  list) 


_  E[(«,-U)(v,-n] 


«V  =  IzL 


N 


=  ±1 - 


N 


w'u'  = 


N 


3rd  moments  (u’''3,  v’^3,  w’''3,  u’^2v’,  v’''2u’,  v’''2w’,  w’'^2v’,  w’''2u\  u’''2w’  in  the  tabulated  list) 


u'*  =  ±iL 


E(«rlO' 


N 


v'’  =  -ti- 


E(''i-’0' 


_  EK-’^O' 


N 


^ 


N 


u'\'  =  -ti 


Eh-^Cvr’O] 


=  -ti 


Eh- ♦')'(«!- 


N 


V^V  =  ^ 


E  hr 


N 


w'\'  =  ^ 


N 


E[(wr»^)'(“,-«0] 


N 


/3  / 

u'  yv  --  - 


Ehi  to'twrm] 

jv 
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4th  moment  (u’M,  v’M,  w’M  in  the  tabulated  list) 


__ 

u'*  =  ^ - , 

N 


y*  =  ±1 _ 

N 


Other  derived  variables 
Turbulent  kinetic  energy 


-72-75-72 

u'  +v'  +w'  _  i=l  <*1  1,1 


Skewness 


1.1 _ 

N 


E(vr»0' 

<»i _ 

N 


_ 

N 


E(«rtO' 

<•1 

3/2'  ''  p|3/2 

E(vr»0* 

/•I 

3/2 

*^W 

[^r 

ECh-i-HO" 

<•1 

/y 

N 

N 

Kurtosis 


K=  -^-3 

pr 


Ecn-it* 

I’l _ 

N 

’  H 

<»i _ 

N 


--3,  K,=  -i^ 

^  [v“^r 


E(vr»0* 


EC'-r^O" 

M _ 

N 


E(h>,-H0^ 

l-l _ 

N 

Ek-wo' 

<•1 
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FILENAME  FORMAT 


Each  file  is  headed  with  a  FILENAME.  The  FILENAMES  have  the  following  format  for  the 

velocity  data;  JdtsVzzz.PPn  (upper  case:  letter,  lower  case;  number). 

J:  type  of  jet  fluid. 

If  7  =  A,  air 

=  E,  helium 
=  H,  hydrogen 

=  M,  methane 

=  P,  propane. 

d:  fuel  tube  diameter  (d). 

If  d  =  9,  d  =  9.45  mm. 

t:  fuel  tube  lip  thickness  ( ^ ). 

If  f  =  0,  ^  =  0.2  mm 
=  1,  <5  =  1.2  mm 
=  2,  d  =  2.4  mm. 


s:  swirler  helix  angle  ( 6). 


Us  =  0,  6  =0" 

=  \,  e  =  15® 

=  X  0  =  30® 
=  4.  0  =  45® 
=  6,  0  =  60® 


V:  average  velocities  at  the  jet  exit  plane. 


If  V  = 


A,  Uj  =  100, 

B,  Uj  =  25, 

LU3=  6, 

J.  Uj  =  10, 

L,  Uj  =  15, 


U.  =  20, 
U,  =  4, 
U.  =  3, 
U.  =  3. 
U.  =  3. 


Uj  =  4  m/s 
Uj  =  I  m/s 
Uj  =  0.5  m/s 
Uj  =  0.5  m/s 
Uj  =  0.5  m/s 


(air  jet) 
(air  jet) 
(CH4  flame) 
(CH4  flame) 
(CH4  flame) 


zzz:  radial  profile’s  axial  position  (z)  or  axial  profile. 

If  zzz  =  a  number,  the  file  is  a  radial  profile  at  axial  position  zzz 
e.g.,  001,  z  =  1.5  mm 

010,  z  =  10  ram 
025,  z  =  25  mm 
050,  z  =  50  ram 
075,  z  =  75  mm 
150,  z  =  150  ram 
250,  z  =  250  mm 


i 


1.56 


AX  ,  the  file  is  an  axial  profile  along  the  jet  centerline  (r=0). 


PP:  LDV  particle  seeding  method. 

M  PP  =  J_,  the  file  contains  the  data  with  particles  added  to  jet  fluid  only 

=  A_,  the  file  contains  the  data  with  particles  added  to  annulus  fluid  only 
=  E_,  the  file  contains  the  data  with  particles  added  to  external  fluid  only. 

n:  file  ID  number,  1  or  2. 

Un  = 


1,  the  file  includes  r,  z,  U,  V,  W,  a(u'),  rT(v’),  t7(w’),  u’v’,  v’w’,  w’u’ 

2,  the  file  includes  r,  z,  u’^  v’^  w’\  u’^v’,  v’^u’,  v’^w’,  w’V’,  w’‘u’,  u’‘w’,  u’"*,  v’\ 


1 


# 


l.‘>7 


DATA  FILES  AND  TE^T  CONDITIONS 


Filename 

Extension 

d 

Uj(m/s) 

^^(m/s) 

Ue(m/s) 

z(mm) 

Seed 

M920I005 

.52 

0° 

6 

3 

0.5 

5 

Jet 

M920I005 

.A_l 

.A_2 

0° 

6 

3 

0.5 

5 

Annulus 

M920I015 

J_1 

.5  2 

0“ 

6 

3 

0.5 

15 

Jet 

M920I015 

.A_l 

.A_2 

0° 

6 

3 

0.5 

15 

Annulus 

M920I025 

.J_l 

.5  2 

0° 

6 

3 

0.5 

25 

Jet 

M920I025 

.A_l 

.A_2 

0° 

6 

3 

0.5 

25 

Annulus 

M920J005 

JJ 

J_2 

0° 

10 

3 

0.5 

5 

Jet 

M920J005 

.A_l 

.A_2 

0° 

10 

3 

0.5 

5 

Annulus 

M920J015 

Jl 

J_2 

0° 

10 

3 

0.5 

15 

Jet 

M920J015 

.A_l 

.A_2 

0° 

10 

3 

0.5 

15 

Annulus 

M920J025 

.52 

0° 

10 

3 

0.5 

25 

Jet 

M920J025 

.A_l 

.A_2 

0° 

10 

3 

0.5 

25 

Annulus 

M920L005 

.5  2 

O'’ 

15 

3 

0.5 

5 

Jet 

M920L005 

.A_l 

.A_2 

0“ 

15 

3 

0.5 

5 

Annulus 

M920L015 

.JJ 

.52 

0° 

15 

3 

0.5 

15 

Jet 

M920L015 

.A_l 

.A_2 

0° 

15 

3 

0.5 

15 

Annulus 

M920L025 

.5  1 

.52 

0° 

15 

3 

0.5 

25 

Jet 

M920L025 

.A_l 

.A  2 

0° 

15 

3 

0.5 

25 

Annulus 
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c 

J  ' 

FILENAMK- 

M9 20 LOIS 

.A_l 

V. 

c 

i:H4 

FLAME; 

d-9 

.45, 

delt 

a  .2  . 

r,nv 

SEEP  particle:; 

ADD! 

■:n  T< 

( ■ 

4 

:  N. 

, . 

lU  data  ; 

point 

.; 

L." 

I 

U 

V 

IJ 

.  JU 

16 

.01 

1 

.609 

L 1  9 

-12 

.81 

IS 

.01 

.053 

082 

-12 

.32 

IS 

.01 

.698 

0  83 

-11 

.80 

IS 

.01 

3 

.284 

090 

11 

.  19 

IS 

.01 

,i 

.708 

086 

10 

.  89 

IS 

.01 

3 

.951 

096 

10 

.04 

14 

.  99 

3 

.999 

113 

•q 

.  3  9 

14 

.  99 

3 

.891 

123 

-e 

.80 

1  4 

.  99 

3 

.711 

lOS 

-8 

.31 

14 

.  99 

3 

.532 

083 

-7 

.90 

14  , 

.  99 

3 

.296 

- 

052 

-7 

.60 

1 4  , 

.99 

3 

.194 

Oil 

-7 

.  28 

IS, 

.01 

J 

.140 

146 

-b 

.99 

15, 

.01 

3 

.251 

303 

6 

.78 

1  r 

X  .i  < 

r»  -1 

3 

.331 

405 

-6 

.47 

IS, 

.01 

3 

.561 

556 

"  6 

2 1 

IS, 

.01 

3 

.972 

70b 

-  5 

.79 

15, 

.00 

4 

.733 

7  62 

r 

-I 

.  4 1 

1  J  . 

.  uu 

:i 

.  7  61 

7  65 

-  5 

.19 

IS, 

.  00 

7 

.443 

859 

-4 

.80 

15, 

.00 

9 

.488 

946 

-4 

.41 

15, 

,01 

11 

.481 

1 

187 

-4 

.00 

15, 

.01 

13 

.165 

1 

435 

-3 

.49 

15. 

.01 

14 

.917 

1 

879 

4 

.01 

15. 

,01 

13 

.127 

-1 

316 

4 

.41 

15. 

,01 

11 

.253 

-1 

056 

4 

.80 

15. 

,01 

9 

.319 

- 

791 

5 

.22 

15. 

01 

7  , 

.348 

- 

600 

5 

.62 

15, 

01 

5, 

,766 

- 

500 

5 

.98 

15. 

01 

4  . 

,678 

- 

468 

6 

.42 

15. 

01 

3  , 

.780 

- 

524 

6 

.81 

15. 

01 
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-  .207 
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1.22 
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-  .012 
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15.01 
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1.90 
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3.99 
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-5.032 

-1.412 
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4.78 
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.294 

4.79 

15.00 

-2.478 

-1.726 

.734 

5.19 

15.00 

.828 

-  .985 

.176 

5.22 

15.00 

2.041 
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5.61 
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.246 

.269 

5.98 
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5.350 
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.192 
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,0'32 

.  1  9  1 
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.012 
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.012 

.057 

.026 

.215 

.127 
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.040 
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.183 
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.067 
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-  .014 

-  .054 

.137 

.007 
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.002 
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.005 
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-  .Ill 
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-  .190 
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.008 
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.025 

-  .077 
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-  .123 

.041 

.074 

■  .07  5 
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-  .331 
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-.347 

.188 

-  .300 
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-  .781 

.444 

.123 

-.237 

.211 

-1.136 

-1.125 

.260 

-  .287 

-  .583 

-1.089 

-  .943 

.196 

.224 

.0  50 

-1.041 

-1.207 

.467 

.072 

.ill 

.126 

.042 

.361 

.262 

.217 

-  .219 

-  .116 

.3  51 

.500 
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1.622 

.847 

.024 
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1 .0 

2.319 

1.833 

.130 

.917 

1, 
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1  .176 

-  .326 

.756 
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DATA  FILES  AND  TEST  CONDITIONS 


Filename 


Extension  d 


Uj(m/s)  Ua(m/s)  Ue(m/s)  z(mm) 


A903B001 

Jl 

.J  2 

A903B001 

A_1 

.A  2 

A903B001 

.E_l 

.E  2 

A903B010 

Jl 

J  2 

A903B010 

.A_l 

.A_2 

A903B010 

.E_l 

.E  2 

A903B025 

Jl 

.J  2 

A903B025 

.A_l 

.A  2 

A903B025 

.El 

.E  2 

A903B050 

.Jl 

.J  2 

A903B050 

.A_l 

.A  2 

A903B050 

.E_l 

.E  2 

A903B075 

.J_l 

.J  2 

A903B075 

.A_l 

.A_2 

A903B075 

.E_l 

.E_2 

A903B150 

.J_l 

.J  2 

A903B150 

.A_l 

.A_2 

A903B150 

.E_l 

.E  2 

A903B250 

.Jl 

.J  2 

A903B250 

.A_l 

.A  2 

A903B250 

.E_l 

.E  2 

A903BAX 

.J  1 

.J  2 

Annulus 

External 

Jet 

Annulus 

External 

Jet 

Annulus 

External 

Jet 

Annulus 

External 

Jet 

Annulus 

External 

Jet 

Annulus 

External 

Jet 

Annulus 

External 


e 


c  fji>:name^  1 

(.• 

c:  AlH  JHT;  d- dolUa-U.;:  mm;  ili.  a.i  .hi  tlj 

C  U'V  FKHD  f'AK'nCI.K;:  ADDFIJ  'I'n  K.VI'FlirJAl .  l-'I.HIIi  I'Nl.V. 
C  DO  60491 
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00 
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00 
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.136 

20. 
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25. 

02 
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25. 

01 
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25. 
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54 
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02 

2  . 

055 
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69 
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,476 

.092 

- 

.930 
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25. 

01 
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.  129 

1 

.099 

.998 

.921 

13  . 
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00 
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.120 

1 

.223 

1 

.037 

.937 

12  . 

,80 

25. 

00 

3  . 

.391 

.166 

-1 

.333 

1 

.0.::4 

,  .957 

-12  . 

,00 

25. 

00 

3  , 

.675 

.216 

-1 

.553 

1 

.017 

.  974 

-11 . 

,20 

25. 

00 

3 

.871 

.235 

1 

.7  01 

.989 

.948 

-10 . 

,40 

25. 

00 

3 

.847 

.238 

-  2 

.  064 

1 

.029 

.942 

--9  , 
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25  . 

00 

3 

.886 

.392 

-  2 

.308 

1 

.008 

.960 
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.81 
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,01 

3 
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.492 

•  2 

.637 

l 

.034 

.  85.4 
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.22 

24 . 

,98 

.3 

.999 

.633 

2 

.8/3 

! 

.077 

1  .019 

8 

.18 

25. 

,01 

4 

.256 

.680 

2 

.436 

.9/1 

.  9  4  7 

8 

.80 

24  . 

,99 

4 

.  124 

.729 

3 

.176 

.972 

.  916 

9 

.59 

25. 

,01 

3 

.917 

.692 

1 

.951 

.987 

.929 

10 

.40 

25. 

,01 

3 

.558 

.565 

1 

.747 

1 

.033 

.929 

11 

.19 

25. 

,00 

3 

.301 

- 

.598 

1, 

.491 

1 

.045 

.913 

11 

.99 

25, 

.00 

2 

.984 

- 

.558 

1 

.311 

1 

.040 

.881 

12 

.80 

25. 

.00 

2 

.519 

- 

.480 

1 

.114 

1 

.000 

.  816 

13 

.40 

25, 

.00 

2 

.373 

- 

.534 

.  994 

.923 

.751 

14 

.00 

25, 

.01 

2 

.093 

- 
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.815 

.827 

.  662 

14 

.69 

24 
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1 

.945 

- 

.409 

.6  61 

.746 

.616 

15 

.50 

25 

.01 

1 

.734 

- 
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.450 

.629 

.  550 

16 

.51 

25 

.01 

1 

.523 

- 

.273 

.215 

.488 

.432 

17 

.67 

25 

.01 

1 

.349 

- 
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.010 

.323 

.  329 

19 

.01 

25 

.00 

1 

.270 

- 
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.144 

.221 

.231 

20 

.49 

25 

.01 

1 

.201 

- 

.152 

- 

.207 

.172 

.  164 

22 

23 

.00 

.50 

25 

25 

.00 

.00 

1 

1 

.170 

.176 

- 

.166 

.164 

.221 

.232 

.183 

.154 

.177 

.144 

24 

.98 

25 

.01 

1 

.155 

- 

.147 

.  209 

.146 

.146 

26 

.50 

25 

.00 

1 
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- 
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- 

.210 

.138 
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.00 

25 

.00 
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- 
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.171 

.  140 

.136 

29 

.47 
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.01 

1 
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1. 1  •]  .  *  I  in/ r ;  .uiii 
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.001 
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1 .006 

.380 
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.951 
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.922 
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.930 

.008 
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.084 

.907 

.  160 

.0  07 

.217 
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.294 

.  91)8 

.358 

.9.16 

.412 

.932 

.403 

.896 

.342 

.861 

.262 

.812 

.190 

.760 

.  140 

.682 

.  100 

.579 

.037 

.459 

.002 

.355 

-  .002 

.295 

-  .004 

.341 

.003 

.310 

.004 

.293 

.004 

.282 
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.275 

-  .004 
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-  .003 
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.  !)))(, 
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.00  1 

.  oon 
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.00  1 
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.000 

,000 

.  00  3 

.00.: 

.018 

.00! 

.  06  1 

.  !i17 

.  180 
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.377 

.  30  i 

.  4.15 

.  306 
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.  286 

.  4  53 
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.276 

.  10  i 

.  300 

-  .  02.6 

.074 

.02  1 
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.U5.- 

.  155 

.  067 
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00.. 

.  ;55 

.  047 
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.11.: 

.13  1 

..j55 

.  107 

.187 

.12  5 

.296 

.  13  9 

.256 

.  104 

.210 

.07  5 

.122 

.12  5 

.035 

.041 

.043 

.034 

.023 

.003 

.005 

.000 
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.00-1 
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.001 

.000 

.000 

.002 

.001 

.001 

-  .001 

.00:; 
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C  PILENAME=  A903B025.A  1 
C 

C  AIR  JET;  d=9.45,  delta  =  0.2  mm;  Lheta^30  deg.;  Uj-2b,  Ua-^4,  Ue^l 
C  LDV  SEED  PARTICLES  ADDED  TO  ANNULUS  FLUID  ONLY 
C  D051591 


m/s;  x=25  mm 


C  47  ;  No.  of  data  points 


c 

y 

X 

u 

V 

W 

SIG (u  ' 

)  SIC(v' 

)  S 

:iG  (w- 

)  U  '  V  ' 

V  '  w ' 

-17 

.  69 

24 

.99 

1 

.972 

- 

.422 

-  .'  26 

.830 

.843 

.816 

-  .  259 

.  150 

- 16 

.  53 

25 

.01 

2 

.376 

- 

.4  37 

.725 

.946 

.905 

.872 

-  .  299 

.212 

- 15 

.48 

24 

.99 

2 

.703 
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.343 

.890 

1 .061 

.925 

.913 
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.  293 

-14 

.69 

24 

.  98 

2 

.901 
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.260 

-1  .013 

1  .084 

.958 

.938 
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.359 

-14 

.01 

24 

.99 

2 

.614 

.066 

-1.070 

1 .045 

.885 

.897 

.262 

.  264 

-13 

.40 

24 

.98 

2 

.899 

- 

.025 

-1.305 

1 .033 

.917 

.916 

-.27  2 

.  371 

-12 

.82 

25 

.01 

3 

.023 

.013 

1.484 

1.038 

.964 

.922 

-  .  283 

.  382 

-12 

.01 

25 

.00 

3 

.295 

.028 

-1.714 

1  .040 

.944 

.919 

-  .288 

.  221 

-11 

.20 

25 

.00 

3 

.588 

.052 

-1.944 

.982 

.961 

.886 

-  .  279 

.  314 

-10 

.  40 

25 

.00 

3 

.868 
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-2.249 
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.944 

.865 

-  .283 

.  404 
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.60 
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.116 

-2.489 

.879 

.871 

.802 
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.  304 
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.231 
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-2.792 

.839 

.844 

.787 

-  .168 
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-8 
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-3.043 

.931 

.842 
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-7 

.62 

25 
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.316 
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1 .021 

1 

.009 

.941 
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.163 

-7 

.01 

25 

.00 

5 

.603 
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1 .525 

1 

.324 

1 

.203 
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.862 

.483 
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.846 
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-1.439 
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-  6 
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8 
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-2 .998 
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2 

.039 

2 

.093 

-2 . 700 
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-5 
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25 

.00 

10 

.719 

.575 

-2.511 

3.341 

2 

.331 

2 

.  574 

-4.072 
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-4 
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25 

.00 

12 

.965 

.699 

-1.983 
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o 
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.408 
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3 
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-  .  438 
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49 

24  . 
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- 
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2 
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2 
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4 .437 
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99 

24  . 

98 

9. 
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- 
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2 
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2 
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.  089 
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49 

24  . 

99 
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1 

.762 
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01 

24  . 

98 

5. 
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.213 
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1 
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59 
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00 
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- 
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00 
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.015 
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60 
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00 
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2.550 

.807 

,824 
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.256 
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40 
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00 

3  . 
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,096 

2.282 

.909 

,843 

827 

.217 

.  190 
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20 
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00 

3  . 

734 

136 

2.046 

.942 

941 

875 

.  233 

.  304 

12  . 

01 

25. 

00 

3  . 

495 

.165 

1.814 

.987 

980 

906 

.262 

.  428 

12  . 

81 

25. 

00 

3  . 

296 
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1.580 

1.031 

996 

952 

.  238 

.418 

13  . 

41 

25  . 

00 

3  . 

175 

220 

1.416 

1.061 

951 

941 

.241 

.  290 
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00 
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00 

3  . 
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1.252 

1.071 
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927 

.  230 

.369 
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68 
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01 
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966 

383 

1  . 120 

1 .055 

917 

925 

.233 

.  346 

15  . 

49 

25  . 

01 

2  . 

764 

448 

.943 

1.014 

915 

879 

.253 

.  157 

1 6  . 

50 

25. 

00 

o 

478 

506 

.767 

.962 

874 

870 

.250 

.  218 

w '  IJ  ' 

-  .013 

-  .  031 
.  02S 
.0S3 

-  .  Of, 3 
-.033 

-  .015 
.  008 

-  .  087 

-  .  09b 

-  .  lib 

-  .  02  0 

-  .  007 

-  .  031 

-  .056 

-  .  180 
.425 
.  501 
.  956 
.92  3 

1 . 227 
.  615 
1.029 
.008 

-  .  b  6  2 
.  93  7 

-  .716 
.  05,1 

-  .912 
1.670 

-  .088 
-.596 
-.087 

.  088 
.000 

-  .017 
.002 
.052 
.129 
.  027 
.029 

-  .  039 

-  .041 
-.055 

-  .  062 
.  CC  7 

-  .013 


J 
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C  FILENAME^  A903B025.J_1 
C 


:  AIR 

JET;  d 

=  9.45,  delta  =  0 . 2  ! 

mm;  ttieca 

=30  drag. 

;  Uj  2‘., 

Ud  -4,  :ii-: 

■- 1  m/  s 

:  LDV 

SEED  PARTICLES 

ADDED  TO 

JET  FLUID  ONl.y. 

:  D052191 

:  26 

:  No. 

of  data 

points 

■  y 

X 

U 

V 

W 

SlG(u'  ) 

SIG (V' ) 

S  IG  (W  '  ) 

U  '  V  ' 

-7.01 

25 . 00 

7.465 

-1.126 

-3.296 

2.585 

2.075 

1 .957 

■2.694 

-6.50 

25.00 

9.055 

-1.048 

-2.862 

3.019 

2.259 

2.341 

-3.733 

-b  .01 

25.00 

10.411 

-  .774 

-2.264 

3.263 

2.376 

2 . 608 

-  4 . 152 

-5.50 

25.00 

13.031 

-  .894 

-1 .615 

3.824 

2 .64.2 

2 .860 

-5.548 

-5 .00 

25.00 

15 .744 

-  .909 

-1 .087 

4 .241 

2  .729 

3.020 

-6.596 

-4.51 

25.00 

18.658 

-  .725 

-  .749 

4.304 

2.616 

2 . 908 

-6.241 

-4 .00 

25.00 

21.710 

-  .649 

-  .492 

4  .078 

2.556 

2 .779 

-  5 . 517 

-3.40 

25.01 

24  .776 

-  .241 

-  .281 

3.627 

2.333 

2.400 

-4.164 

-2.71 

25.02 

27.807 

-  .100 

-  .  199 

2  .  V.80 

1 .814 

2.023 

2 . 220 

-2.01 

25.01 

29.882 

.029 

-  .091 

2 . 156 

1.497 

1  .573 

1  .  187 

-1 .33 

25.00 

31 .210 

.035 

-  .064 

1 .768 

1 .264 

1.290 

-  .67  8 

-  .  60 

24 . 99 

32 .040 

.004 

.OS'; 

1 .501 

1.166 

1.154 

.289 

.  00 

25.00 

32.184 

.000 

.  000 

1  .433 

1 .130 

I  .  1 07 

.  02  9 

.  59 

25.01 

31 .892 

.044 

.008 

1 .460 

1.234 

1.156 

.  3  4 

1 .28 

24.99 

31.192 

-  .014 

-  .023 

1.755 

1  .291 

1  .  304 

.  688 

2 . 00 

24.98 

29 . 844 

.006 

.0  35 

2.182 

1.505 

1  .  6.32 

1  .27  0 

2 .69 

24.98 

27 .706 

.  178 

.096 

2 .854 

1 .837 

1.974 

2.234 

3 .39 

24.99 

24 .640 

.427 

..•:04 

3 . 64j 

2.301 

2 .436 

4  .  133 

3.98 

25.00 

21.635 

.763 

.356 

4.126 

2.539 

2 .7  68 

5 . 385 

4 . 47 

24 . 98 

18.759 

.912 

.535 

4.259 

2  .711 

2.895 

6.313 

5.00 

24 . 98 

16.200 

1.221 

.943 

3 .776 

3.074 

3 .010 

5.845 

5 .49 

24 . 98 

13.696 

1  .284 

1.521 

3  .933 

2.638 

2 .9J5 

5.917 

5.99 

24.98 

11.329 

1  .449 

2 . 102 

3.566 

2.475 

2  .756 

4 . 995 

6.50 

24 . 98 

9 .138 

1  .366 

.!  .620 

2.939 

2.540 

2.254 

3 .751 

7.00 

24.98 

7.654 

1  .425 

2.923 

2.511 

2.380 

2.057 

3.070 

7  .58 

25.00 

6  .  110 

1.358 

3.194 

2.111 

1 .977 

1  .  662 

2.025 

x-2  5  inra 


V  '  w ' 

w '  u  ' 

.031 

-  C  ’ 

-.342 

.  1 4 

-  .  34  6 

.383 

1  .  u.'. 

-.106 

.  65  . 

.21 A 

.  6"’  6 

.147 

.  07  6 

.184 

-  .  098 

.  .5  0 ; 

■  .04  6 

.  0-19 

-  .030 

.  000 

-  .  03  2 

■  .  1  i  5  '■ 

.  ('5  4 

.  Oi.i. 

.02  5 

.  04 

.  001 

-  .UOi,. 

.  04  3 

-.ns 

-  .  031 

■  .011 

-  .  107 

■  .  333 

-  .  256 

-  .  5"  1 

-  .  043 

■  ..5.).' 

-  .296 

.  ‘ ;  5  4 

-  .413 

-  1  .  7 2 

-  .  2o2 

■  .981 

- .  423 

■  .  52-3 

-  .275 

-.244 

.026 

-.01.' 

C  FILENAME=  A903B250.E_1 
C 

C  AIR  JET;  d=9.4B,  delta=0.2  miri;  theta^30  deg.;  Uj=25,  Ua  =  'l,  Ue=l  m/s;  x=250  mm 
C  LDV  SEED  PARTICLES  ADDED  TO  EXTERNAL  FLUID  ONLY. 

C  D060791 

C  53  ;  No.  of  data  points 


C  y 

X 

U 

V 

W 

SIC(u' 

)  StG(v' 

)  SIG(w') 

U  '  V' 

V  '  w ' 

w '  u  ' 

-28.00 

250.01 

3.712 

-  .  3  37 

.  JO.; 

i  .  b38 

1  .  301 

1 .225 

-  .955 

.085 

.  07  2 

-26.50 

250.00 

4 .380 

-  .  528 

.Oit 

1  .488 

1 .284 

1.310 

-  .701 

.028 

_ 

.  108 

-25.00 

250.00 

4  .814 

-  .  587 

.  00-1 

1 . 601 

1  .372 

1 .386 

-  .793 

-.039 

_ 

.  206 

-23.50 

250.00 

4.788 

-  .  392 

.021 

1  .b34 

1 .382 

1.410 

-  .815 

.  073 

.142 

-22.00 

250.00 

4.963 

-  .  454 

.034 

1 .694 

1.437 

1.424 

-  .948 

-  .036 

.  328 

-20.50 

250.00 

5.105 

-  .407 

.044 

1  .736 

1.465 

1.493 

-  .  841 

-  .068 

.  407 

-14.69 

250.01 

6.841 

-  .374 

-  .131 

1.872 

1.475 

1.568 

-1.079 

.034 

. 

.  057 

-14.00 

250.01 

6.993 

-  .351 

-  .038 

1 .873 

1.507 

1 . 549 

-  1.006 

.  040 

.  1 1 

-13.40 

250.01 

7.114 

-.365 

-  .065 

1.864 

1  .484 

1.582 

-  .93  6 

-  .039 

.  010 

-12.80 

249.99 

7 .207 

-  .358 

-  .067 

1.847 

1.508 

1  .563 

-  .949 

-  .024 

.  121 

-12.01 

249.99 

7.398 

-  .339 

-.046 

1 .862 

1.529 

1.545 

-  .910 

-  .052 

.  071 

-11.20 

249.99 

7 .491 

-  .325 

-  .059 

1.856 

1.518 

1 . 580 

-  .  907 

.020 

.  07  1 

-10.40 

249.99 

7  .715 

-  .312 

-  .026 

1 .897 

1.526 

1 .560 

-.926 

-  .023 

_ 

.  03  f. 

-9.60 

249.99 

7.892 

-  .304 

.014 

1.911 

1.515 

1.553 

-  .888 

-  .078 

_ 

.112 

-8.81 

249.99 

7 .986 

-  .325 

.010 

1.850 

1.495 

1  .552 

-  .794 

-  .081 

_ 

.  037 

-8.20 

249.99 

8.058 

-  .271 

.000 

1.850 

1.536 

1.585 

-  .780 

-  .067 

.. 

.  150 

-7.61 

249.99 

8.085 

-  .225 

.033 

1  .877 

1.514 

1 .563 

-  .717 

.002 

_ 

.  166 

-7.01 

249.99 

8.272 

-  .226 

.049 

1.793 

1  .601 

1.554 

-  .  669 

-  .035 

_ 

.127 

-6.50 

249.99 

8.151 

-  .242 

.042 

1.903 

1 .529 

1.562 

-  .  647 

-.035 

_ 

.  001 

-6.01 

249 . 99 

8.272 

-  .271 

.083 

1.907 

1.536 

1.572 

-  .  605 

-  .020 

_ 

.  206 

-5.51 

249.99 

8.252 

-  .183 

.073 

1.883 

1.496 

1.554 

-.495 

.007 

_ 

.200 

-5.01 

249.99 

8.070 

-  .134 

.014 

1.946 

1  .485 

1 . 557 

-  .  500 

-.009 

_ 

.  165 

-4.50 

249.99 

8.323 

-  .173 

.025 

1.919 

1.517 

1.543 

-.546 

-  .010 

_ 

.  201 

-4.01 

249.99 

8.298 

-  .169 

.025 

1.882 

1.502 

1.540 

-  .  481 

.033 

_ 

.  209 

-3.39 

249.99 

8.293 

-  .151 

.050 

1.916 

1.546 

1.559 

-  .  450 

.005 

.  233 

-2.70 

249.99 

8.266 

-.116 

.041 

1.947 

1.582 

1.510 

-.577 

-  .070 

_ 

.17  5 

-2.01 

249.99 

8.260 

-  .107 

.033 

1.928 

1.540 

1.513 

-  .  617 

-  .104 

.  17  3 

-1.30 

249.99 

8.203 

.005 

.002 

1.987 

1.524 

1.570 

-.603 

-.007 

.  020 

-  .61 

249.99 

8.226 

.030 

-  .006 

1.948 

1.531 

1.576 

-  .  536 

-  .047 

.  178 

.00 

249.99 

8.138 

.000 

.000 

1.987 

1.541 

1.607 

-.483 

.032 

.039 

.60 

249.99 

8.149 

-  .021 

-  .020 

1.937 

1.537 

1.567 

-  .  409 

.057 

.  285 

1.29 

249.99 

8.237 

.014 

-  .041 

1.936 

1.546 

1.559 

-.296 

.  149 

.327 

2.00 

249.99 

8.279 

.125 

-  .038 

1.951 

1.542 

1.558 

-  .  233 

.070 

.  298 

2  .70 

249.99 

8.092 

.031 

-  .117 

1.912 

1.648 

1.562 

-.122 

.  122 

.387 

3.39 

249.99 

8.195 

.106 

-  .069 

1.898 

1.579 

1.571 

.07  5 

.030 

.  288 

3.99 

249.99 

8.056 

.196 

-  .073 

1.904 

1 .551 

1.551 

.  x33 

.154 

.  299 

4.49 

249.99 

7.859 

.272 

-  .069 

1.915 

1  .547 

1.553 

-  .084 

.  146 

.152 

5.00 

249.99 

7 .740 

.328 

.053 

1.902 

1 .563 

1.534 

.  021 

.17  2 

- 

.090 

5.49 

249.99 

7 .687 

.511 

.011 

1.965 

1.584 

1.565 

.277 

.  161 

- 

.  198 

12.80 

250.01 

7.410 

.326 

.061 

1.875 

1.511 

1 .529 

.744 

.  126 

_ 

.  095 

13 .40 

250.01 

7.247 

.339 

.093 

1.889 

1 .494 

1  .533 

.  848 

.  117 

_ 

.173 

14 .00 

250.01 

7.173 

.416 

.132 

1.867 

1  .496 

1.535 

.823 

.070 

_ 

.  221 

14.69 

250.01 

7.131 

.436 

.086 

1.894 

1  .535 

1  .  565 

.876 

.207 

.  204 

15.49 

250.01 

6.944 

.436 

.055 

1.867 

1.532 

1.531 

.  895 

.  166 

_ 

.  240 

16.50 

250 . 01 

6.824 

.482 

.041 

1.868 

1  .509 

1  .555 

.913 

.  138 

.  200 

17.71 

250.01 

6.727 

.453 

-  .034 

1.830 

1.483 

1.490 

.  926 

.091 

.089 

19.00 

250.01 

6.467 

.419 

-  .019 

1.793 

1.466 

1.512 

.  844 

.  082 

.  07  0 

20.50 

250.01 

6.179 

.410 

-  .031 

1  .788 

1  .478 

1 .475 

.  845 

.113 

_ 

,  04  2 

22 .00 

250.01 

5.852 

.  394 

-  .063 

1  .757 

1 .419 

1.444 

.  864 

.  060 

,  U69 

23.50 

250.01 

5.331 

.  308 

.057 

1.764 

1.357 

1.343 

.  888 

.003 

,  07  ! 

25.00 

250.01 

4.858 

.230 

-  .082 

1.731 

1.343 

1  .331 

.765 

.005 

.  219 

28.00 

250.01 

4 .786 

.625 

-  .300 

1  .790 

1 .406 

1  .  406 

.  980 

.169 

115 

29.50 

250.01 

4.342 

.385 

-  .438 

2.063 

1.433 

1.314 

1  .  411 

.155 

.228 
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C  FILENAME=  A90JB250.A_1 

C 

C  AIR  JET;  d  =  9.45,  deita-U..;  iiim;  thot.a-JO  deq.;  I'i  ,  ,  n.i  4  U..-1  i,,/ 

C  LDV  SEED  PARTICLES  ADDED  TO  ANNULUS  FLUID  ONLY 
C  D052091 


C  b9  ;  No,  of  data  pcdrits 


'  y 

X 

U 

V 

W 

.SI  GDI' 

)  SIG(V' 

)  SlG(w') 

11  '  V  ' 

V '  w  ' 

W  '  ’  1  ' 

-29.51 

250.01 

3.497 

-  .625 

.3  57 

1.378 

1  .244 

1.215 

.589 

.11! 

-  .  ( -  (  r , 

-28.00 

'  250.01 

3.712 

-  .591 

-  .354 

1.448 

1 .200 

1  .2  5.; 

.  63 

.  0^ 

-26.50 

250.01 

3.772 

-.513 

.  383 

1.401 

1.214 

1  .2  55 

.639 

j  * '  h' 

.  .J  1  Cj 

-25 . 00 

250.01 

3.974 

-  .  442 

-  .386 

1 .521 

1 .200 

1.234 

.  650 

.  0  f  1  fi 

_) 

- 23 .50 
-22.00 

250 . 01 
250.01 

4 .337 
4.642 

-  .503 

-  .  496 

-  .349 

-  .375 

1.547 

1.559 

1  .294 
1.341 

1  .302 

1  .399 

.811 
-  .864 

.  f !  9  4 
.  U  9  2 

.11., 

.  'ly  0  i 

-20.50 

250 . 01 

4 .999 

-  .438 

-  .321 

1 .638 

1 . 326 

1.388 

-  .  867 

.  Lj  2  C) 

.018 

-19.01 

250.01 

5.413 

-  .454 

-  .275 

1  .  648 

1  .383 

1  .4  37 

.814 

.  1 . !  b 

.  (.)0  7 

-17  .70 

250.01 

5.669 

-  .466 

-  .321 

1  .701 

1.396 

1 .480 

-  .  873 

174 

•  .  '!  b  6 

-16.50 

250.01 

5.976 

-  .473 

-  .278 

1  .799 

1.395 

1.514 

1.026 

.  02'/ 

~  .  2b  '1 

-15.49 

250.01 

6 .196 

-  .421 

-  .252 

1.770 

1 .393 

1.472 

-  .  884 

.  0  3  4 

'  .  0  0  J 

-14  .70 

250.01 

6 .420 

-  .  418 

-  .210 

1  .742 

1 .428 

1  .491 

-  .  93  3 

.  0 9 

-  .  (j  9  b 

-13.99 

250 .01 

6.544 

-  .396 

-  .156 

1.760 

1.444 

1  .518 

•  .  871 

.  U1 

.08] 

-13.40 

249.99 

6.650 

-  .  3  55 

-  .150 

1  .771 

1.416 

!  .522 

-  .  838 

.012 

-12.80 

249 . 99 

6 .838 

-  .317 

-  .103 

1.869 

1  .452 

1 .549 

.  923 

.  0  7  a 

'  .  04  L 

•12.01 

249.99 

7 .066 

-  .355 

-  .176 

1.853 

1.455 

1 .548 

-  .  937 

.  0  0 1) 

'  .  Ou. 
i  .J  1 

-11.20 

249.99 

7.262 

-  .383 

-  .  1  2  b 

1  .879 

1 .4  55 

1.542 

.  91  8 

.  Or  V 

-10.40 

249.99 

7.392 

-  .358 

-  .077 

1.801 

1  .4(;3 

1  .537 

.811 

.  ]  J  0 

.  0o7 

-9 . 60 

249.99 

7.599 

-  .  344 

-  .046 

1 .880 

1.453 

1  .519 

.  Bl)2 

.  02  0 

.  0 

-8 . 80 

249 . 99 

7.804 

-  .323 

-  .083 

1.819 

1.474 

1  .533 

-  .  813 

.  0  b  6 

.  .  (■)  8  4 

-8.19 

249.99 

7 .860 

-  .  307 

•  .112 

1 .848 

1.502 

1  .535 

-  .751 

.  02 '7 

■  .  1  t 

-7.61 

249.99 

8.091 

-  .318 

-.107 

1  .788 

1.530 

1  .498 

■  .  621 

.  10  0 

.  ■  '  .3  / 

-7 .00 

249.  .'9 

8.092 

-  .254 

.071 

1 .880 

1.509 

1.510 

.  67  6 

.  0  J  O' 

Cl  '  '  ! 

-6.50 

249.99 

8.159 

-  ..2  07 

.080 

1 .855 

1.469 

1 .5  02 

-  .  561 

.  0  ti  .1 

.  '  3  I 

-6.01 

249.99 

8 . 3  2 .3 

.243 

-  .  1  03 

J  .829 

1  .468 

1.446 

.551 

•  .  02 H 

-5.51 

249.99 

8.366 

•  .194 

.112 

1 .8.1/ 

1.459 

1 .507 

.480 

.  00b 

'  .  O 

-4.99 

249.99 

8.435 

-  .197 

■  .037 

1  .836 

1.532 

1  .  507 

-  .  460 

.  Ojb 

-4  .49 

249 . 99 

8.534 

-  .178 

-  .073 

1  .885 

1.476 

1.503 

-  .  467 

.034 

“.03  2 

-4.01 

249.99 

8.573 

-  .124 

-  .084 

1.867 

1.432 

1  .483 

•  .  475 

- .  0  0  2 

.  0  4  J 

-3.39 

249.99 

8.601 

-  .096 

-  .  060 

1 .824 

1 .466 

1  .4  94 

-.413 

.  080 

■  .  0  6 

-2 . 69 

249.99 

8.685 

-  .147 

-  .050 

1.875 

1.452 

1.497 

■  .277 

-  .  1 7  .3 

-1.99 

249 . 99 

8.843 

-  .008 

-  .096 

1.830 

1.452 

]  .458 

-  .243 

. 

.  050 

.019 

-1.29 

249.99 

8.668 

-  .082 

-  .095 

1  .865 

1.488 

1.478 

-  .120 

.059 

-  .023 

■  .  61 

249 . 99 

8.793 

.002 

-  .098 

1.872 

1.496 

1  .456 

-  .  158 

.  054 

-  .  084 

.01 

249.99 

8.795 

.000 

.000 

1.844 

1.430 

1.464 

-  .  044 

.  095 

.  60 

249.99 

8.744 

.058 

-  .046 

1  .756 

1.485 

1.450 

.110 

-  .  002 

'  .  J75 

1.30 

249.99 

8.853 

.100 

-  .  102 

1  .855 

1.481 

1.470 

.  126 

.  085 

.  083 

2  .  00 

249.99 

8.660 

.080 

-  .051 

1.799 

1.452 

1 .453 

.246 

-  .  014 

.  03 .) 

2 .71 
3.41 

249.99 

249.99 

8.762 

8.642 

.147 

.153 

■■  .039 
-  .088 

1.807 

1 .840 

1 .466 
1.437 

1  .453 

1  .493 

.296 

.362 

.014 
.  05  6 

■  .  O'  .1 4 

-.014 
.  00  9 

4.01 

249.99 

8.541 

.187 

-  .065 

1.836 

1.459 

1.501 

.  342 

.  042 

4.49 

249 . 99 

8.611 

.213 

-  .065 

1 .816 

1.494 

1.483 

.263 

.  0»)9 

.  0  r  1 

5 .01 

249.99 

8.606 

.280 

-  .074 

1 .848 

1.459 

1  .461 

.413 

.  0b4 

.04  4 

5.49 

249 . 99 

8.502 

.276 

•  .033 

1  .773 

1  .429 

1 .480 

.444 

.  08':; 

.  I'.O^ 

6 .00 

249.99 

8.349 

.287 

-  .063 

1 .869 

1  .4  69 

1  .  472 

.  501 

.  02  4 

fi  7  ■ 

6.50 

249.99 

a  .372 

.262 

-  .040 

1  .866 

1 .479 

1  .506 

.  57  8 

.  0  2  2 

.  0  1 

7 .01 

249 . 99 

8 . 138 

.286 

.021 

1 .87  5 

1  .  .156 

1  .  5o9 

.411 

.051 

.  0  •  4 

7 .59 

249 . 99 

8.113 

.309 

-  .035 

1 .854 

1.443 

1  .484 

.  561 

.  008 

.  o:  4 
1(1 

8.20 

249 . 99 

7.976 

.340 

-  .026 

1 .864 

1 .482 

1 .52  i 

.69  6 

-  .(Ill 

8 .81 

24T . 99 

7 .917 

.391 

■  .044 

1  .856 

1  .  473 

1  .4  57 

.719 

.  ('1 1 

')  .  6  0 

249.99 

7.766 

.360 

-  .04  / 

1  .899 

1  .472 

1  .522 

.811 

.009 

.  914 

I .'  ^1  1 

10.41 

249 . 99 

7.534 

.410 

.034 

1  .820 

1.449 

1  .495 

.  7  90 

.  0  1 

11.19 

249.99 

7.404 

.457 

.039 

1  .7  85 

1  .462 

1.511 

.79b 

.  (.J  0  7 

-  ,  i  'i  9  '  1 

12 .01 

249 . 99 

7.320 

.476 

.112 

1 .886 

1  .431 

1  .  488 

.  87  1 

.  0  >2 

lb’ 

12  81 

249.99 

7  .138 

.531 

.058 

1 .802 

1 .426 

1.497 

.743 

.  0.37 

■■.015 

13  .40 

249 . 99 

7.051 

.  544 

.  116 

1.803 

1.463 

1  .  4Q8 

.  798 

.059 

.042 

14.01 

249.99 

6.915 

.  597 

.114 

1  .7  80 

1.439 

1 .497 

.  824 

-  .  03  0 

.  008 

14.69 

249.99 

6.832 

.616 

.106 

1.772 

1  .428 

1.489 

.  806 

.  02  6 

.  1  i 

15.51 

16.50 

249.99 

249.99 

6.587 

6.433 

.640 
.  674 

.143 

.169 

1.780 

1 .7  69 

1 .455 

1  .427 

1.506 

1.500 

.654 
.  921 

.  0  J  5 
'  .  014 

-  .  1 .3  9 

-  .  01 

17 .69 

249.99 

6.143 

.707 

.211 

1  .716 

1-414 

1  .  4  4  S 

.  8 1  6 

.  0S9 

.  0  6  3 

1 9  .  U 1 

249.99 

5.940 

.  680 

.2  55 

1  .  6  b 

1  .  425 

1  .  445 

.  801 

.  0  6  3 

.  0  0 .5 

20 . 50 

249.99 

5.613 

.806 

.256 

1  .b65 

1  .42j 

1.492 

.  783 

.  050 

-.06  3 

22 .00 

249.99 

5.228 

.777 

.323 

1.61.: 

I  .  3  1-  3 

1  .  1  1 

.719 

.057 

-.063 

23 .50 

249.99 

4  .631 

.  607 

.340 

1  .554 

I  .  if' 

1  .  3  j' 

.706 

.  0B7 

-.04  4 

25.00 

249.99 

4.564 

.714 

.321 

1.540 

1 . 3  i  1 

i  .2  94 

.  73  3 

.069 

.  0  8  S 

26 . 50 

249.99 

4.356 

.817 

.  3  7  3 

i  .  48  '  -' 

1  .31b 

1  .305 

.  64  6 

.  051 

.  OVi 

28.00 

249.99 

4  .123 

.873 

.  337 

1 .460 

1 .303 

1 .281 

.  632 

.  098 

.  02  7 

29.49 

249.99 

3  .  668 

.728 

.307 

1.450 

1 .2  59 

1 . 205 

.  67  6 

.0  38 

-  .02  2 

168 


FILENAME=  A903B250.J_1 


AIR  JET;  d=9.45,  delta=0.2  min;  theta-BO  dpg 
LDV  SEED  PARTICLES  ADDED  TO  JET  FLUID  ONLY 
D052191 

69  :  No .  of  data  points 


.  ;  Uj-25,  Ua-4,  Ue---1  m/s;  x^250  mm 


Y  X 

29.51  249.99 
28.00  249.99 

26.48  249.99 
25.00  249.99 

23.50  249.99 
22.00  249.99 

20.51  249.99 
19.00  249.99 

17.69  249.99 
16.50  250.01 

15.49  250.01 

14.70  250.01 

13.99  250.01 

13.40  250.01 

12.80  250.01 

11.99  250.01 

11.19  250.01 

10.40  250.01 
-9.60  250.01 
-8.80  250.01 
-8.20  250.01 
-7.59  250.01 

7 .00  250.01 
-6.49  250.01 
-5.99  250.01 
-5.51  250.01 
4.99  250.01 
-4.49  250.01 
■4.01  250.01 
•3.40  250.01 
■2.70  250.01 
■1.99  250.01 
1.29  250.01 
-  .61  250.01 
.00  250.01 
.60  250.01 
1.29  250.01 
2.00  250.01 

2.69  250.01 
3.41  250.01 
4.01  250.01 

4.51  250.01 
5.00  250.01 

5.51  250.01 
6.00  250.01 

6.49  250.01 
7.01  250.01 

7.60  250.01 
8.20  250.01 

8.80  250.01 

9.61  250.01 
0 . 40  250 . 01 

1.19  250.01 

1.99  250.01 

2.81  250.01 
3  .41  250.01 
4.01  250.01 

4 .69  250.01 

5.49  250 . 01 

5.50  .250.01 

7.69  250.01 
J.Ol  250.01 

1.50  250.01 
L  .99  250.01 

1.51  250.01 
).00  250.01 
>.50  250.01 
1.00  250.00 
>.50  250.00 


U 

3.562 
3.575 
4.108 
4.373 
4,803 
5.089 
5.385 
5.809 
6.026 
6.323 
6 .588 
6,840 
6.907 
7.210 
7.218 
7,431 
7.513 
7.753 
7 ,973 
8.002 
8.269 
8.325 
8.415 
8.579 
8.673 
8.596 
8.741 
8.863 
8.942 
8.761 

8.964 
8.923 
9,078 
9,042 
9.203 
9.209 
9.170 
9.150 
8.801 
8.824 
8.830 
8.747 
8.744 
8,703 
8.516 
8.337 
8.321 
8.240 
8.275 
8.137 

7.964 
7.739 
7,435 
7.461 
7.130 
6.884 
6.967 
6,664 
6.693 
6.489 
t>  .089 
5.542 
5.485 
5 . 195 
4 . 99.3 

4.515 

4.364 

4.119 

3.831 


V 

-  .755 

-  .664 

-  .801 

-  .736 

-  .781 

-  .763 

-  .723 

-  .7  68 

-  .691 
.700 

-  .660 

-  .663 

-  .613 

-  .666 

-  .618 

-  .572 

-  .533 

-  .540 

-  .526 

-  .461 

-  .520 

-  .447 

-  .450 

-  .435 

-  .387 

-  .351 

-  .315 

-  .342 

-  .267 

-  .288 

-  .227 

-  .211 

-  .170 
.127 

-.144 

-  .045 

-  .047 
.007 
.011 
.114 
.104 
.  103 
.  158 
.202 
.166 
.188 
.183 
.308 
.290 
.297 
.359 
.393 
.413 
.504 
.4  64 
.4  38 
.474 
.494 
.549 
.686 

.  594 
.535 
.  67  9 
.  7  0 
.  808 
.714 
.809 
.834 
.842 


W 

-  .293 

-  .280 

-  .290 

-  .275 

-  .278 

-  .291 

-  .276 

-  .257 

-  .186 
-  .160 

-  .148 

-  .142 

-  .084 

-  .067 

-  .077 

-  .045 

-  .024 
.007 

-.011 

-  .019 

-  .016 

-  .022 

.071 

.004 

.013 

.052 

-  .014 
.012 

-  .023 
.043 

-  .019 
.007 
.010 
.033 
.000 
.016 
.036 
.052 
.016 
.014 
.036 

-  .007 
.017 
.011 

-  .022 
.027 
.034 
.034 
.044 
.041 
.049 
.u55 
.  1)90 
.109 
.125 
.183 
.173 
.  190 
.227 
.222 
.2/4 
.277 

.  16'9 
.3  50 
.  M6 
.331 
,396 
.36  9 
.4  07 


SIG  {IJ '  )  S  U;  (V  ’  )  SIG  (W' 


1.442 
1 .387 
1.469 
1 .557 
1.564 
1.650 
1.758 
1.716 
1  .761 
1 .786 
1  .793 
1 .826 
1.841 


1  .259 
1.245 
1.345 
1 .347 
1  .353 
1  .383 
1 .449 
1  .  -i  1  6 
1 .406 
1.431 
1 .459 
1 .482 
1  .185 


1  .  1  85 
1 . 177 
1.332 
1.313 
1 .394 

1.457 
1 .467 

1.458 
1.488 
1 .552 
1.548 
1  .  581 
1.531 


1 

.827 

1.46) 

1 

.531 

1 

.874 

1  .479 

1 

.  582 

1 

.890 

1  .4  47 

1 

.547 

1 

.850 

1  .  508 

1 

.5  57 

1 

.892 

1 .505 

1 

.532 

1 

.884 

1.469 

1 

.530 

1 

.924 

1 .495 

1 

.554 

1 

.917 

1.463 

1 

.540 

1 

.890 

1  .452 

1 

.  518 

1 

.841 

1.462 

1 

.530 

1 

.843 

1.503 

1 

.491 

1 

.882 

1.467 

1 

.485 

1 

.785 

1.543 

1 

.504 

1 

.863 

1 .490 

1 

.496 

1 

.907 

1.483 

1 

.489 

1 

.805 

1  .  458 

1 

.499 

1 

.876 

1.449 

1 

.485 

1 

.816 

1.447 

1 

.498 

1 

.848 

1.469 

1 

.505 

1 

.824 

1.495 

1 

.473 

1 

.788 

1  .502 

1 

.476 

1 

.853 

1.465 

1 

.484 

1 

.802 

1 .422 

1 

.445 

1 

.832 

1  .442 

1 

.477 

1 

.826 

1.451 

1 

.464 

1 

.857 

1.495 

1 

.  497 

1 

.84.1 

1.462 

1 

.  500 

1 

.849 

1  .463 

1 

.493 

1 

.848 

1  .469 

1 

.508 

1 

,834 

1  .4  73 

1  . 

.535 

1 

,830 

1.4  47 

1  , 

,  50b 

1 . 

.828 

1.417 

1  . 

482 

1 

.898 

1.458 

1  . 

.511 

1 . 

,832 

1.459 

1  , 

511 

1 . 

,821 

1.482 

1  . 

538 

1 . 

,870 

1.486 

1  . 

512 

1 . 

825 

1.501 

1  . 

532 

1 . 

888 

1  .4  53 

1  . 

523 

1 . 

870 

1  .450 

1  . 

541 

1 . 

875 

1  .481 

1  . 

520 

1 . 

832 

1.472 

1  . 

542 

1 . 

842 

1  .  476 

1  . 

556 

1 . 

789 

1 .436 

1  . 

5  3.3 

1 . 

826 

1  .4  32 

1  . 

SIS 

1 . 

820 

1.435 

1  . 

529 

1 . 

771 

1  .  426 

1  . 

^  b 

1 . 

7  38 

1.449 

1  . 

55b 

1 . 

7  48 

1.421 

1  . 

474 

1 . 

708 

1  .  379 

1  . 

431 

1 . 

675 

1  .407 

1  . 

451 

1 . 

66*1 

1,375 

1  . 

433 

1  . 

623 

1  .  37  1 

1  . 

384 

1 . 

580 

1 .306 

1  . 

3 .)  b 

1 . 

51  h 

1.331 

1  . 

314 

i  . 

487 

1  . 312 

1  . 

257 

1 . 

4  l.i 

1  .  305 

1  . 

2  39 

u  '  V  ’ 
-  .  686 
-  .  668 

-  .  757 

-  .875 

-  .796 

-  .  959 
-1.027 

-.966 

-  .  924 

-  .  947 
-1 .055 

1.000 
-1.024 
■1.024 
1 .024 

-  .  862 

-  .  946 

-  .  937 

-  .  802 
.  886 

-  .701 

-  .  654 

-  .  657 

-  .  654 

-  .  629 
-.607 
-.551 

-  .  559 
-.366 
-.391 
-.294 
-.214 

.150 

-  .195 
.029 
.034 
.  085 
.131 
.288 
.  320 
.329 
.273 
.  439 
.  483 
.392 

.  523 
.  486 
.  603 
.  619 
.  622 
.  661 
.  674 
.  874 
.753 
.788 
.821 
.903 
.816 
.785 
.  771 
.  814 
.797 
.  83  3 
.  792 
.814 
.  695 
.  659 
.  704 


V  '  w' 

.  032 
.  096 
.  082 
.  064 
.010 
.  104 
.062 
.054 

-  .  047 
.  094 
.051 
.  068 
.  090 
.  028 
.  109 
.  020 
.  042 

-.015 
.  008 
.021 
.022 
.055 

-  .  016 
.  018 
.021 
.033 
.011 
.009 
.  036 

-  .009 
.014 
.079 

-  .130 
.003 
.019 

-.050 
.005 
.013 
.  012 
.061 
-.028 
.009 
•  .031 
.072 
.077 
■ .  015 
.  03  6 
.043 
.  066 
.046 
.  007 
.047 
.046 
.  012 
.  004 
.071 
.042 
.  036 
.  036 
.  066 
.  003 
.  056 
.  Ill 
.  084 
.  093 
.07  1 
.  082 
.  08  7 
1  .1 1'. 


n  n  n  n  o  o  o 


FILENAME^  A903R02b.E_2 


AIR  JET;  d=9.45,  dolCa=0.2  mm;  theta^JO  dey. ; 

LDV  SEED  PARTICLES  ADDED  TO  EXTERNAL  FLUID  ONLY. 
D060491 

42  ;  No.  of  data  points 


y  X  u  "'3 

-29.50  25.01  .000 

-28.00  25.00  .000' 

-26.53  24.99  .000 

-25.00  25.00  .000 

-23.51  24.98  .000 

-22.00  25.02  .000 

•20.55  24.98  -.002 

-18.99  25.02  -.001 

-17.75  25.01  .045 

-16.50  25.00  .272 

-15.54  25.02  .458 

-14.69  25.01  .448 

-13.99  25.01  .289 

-13.40  25.00  .122 

-12.80  25.00  -.006 

-12.00  25.00  -.160 

-11.20  25.00  -.177 

-10.40  25.00  -.240 

-9.60  25.00  -.179 

-8.01  25.01  -.128 

-8.22  24.98  -.074 

8.18  25.01  -.157 

8.80  24.99  -.179 

9.59  25.01  -.219 

10.40  25.01  -.102 

11.19  25.00  .060 

11.99  25.00  .278 

12.80  25.00  .452 

13.40  25.00  .529 

14.00  25.01  .424 

14.69  24.98  .285 

15.50  25.01  .188 

16.51  25.01  .085 

17.67  25.01  .009 

19.01  25.00  -.001 

20.49  25.01  .000 

22.00  25.00  .000 

23.50  25.00  .000 

24.98  25.01  .000 

26.50  25.00  .000 

28.00  25.00  .000 

29.47  25.01  .000 


'  ^3 

w"'3 

u '  ''2v' 

.000 

.001 

.000 

.000 

.002 

.000 

.000 

.000 

.000 

.000 

.001 

.  000 

.000 

.001 

.000 

.000 

.003 

.000 

.002 

.002 

-  .001 

.015 

-  .002 

-  .004 

.094 

.060 

-.037 

.305 

-  .339 

-.159 

.433 

-  .443 

-  .243 

.472 

-  .486 

-  .225 

.440 

.348 

-  .159 

.377 

.297 

-.099 

.318 

-  .129 

'  .004 

.199 

.079 

.110 

.011 

.241 

.025 

.049 

.243 

.029 

.075 

.252 

.012 

.094 

.135 

.012 

.151 

.093 

-.036 

.027 

-  .210 

-  .005 

.035 

-.220 

-  .056 

.102 

-  .163 

-  .092 

.190 

-  .080 

-  .031 

.343 

.010 

.092 

.381 

.056 

.161 

.360 

.181 

.213 

.299 

.176 

.250 

.222 

.175 

.194 

.138 

.173 

.167 

.095 

.134 

.110 

.044 

.088 

.050 

.016 

.031 

.007 

.003 

.007 

.002 

.001 

.002 

.001 

.000 

.002 

.000 

.000 

.003 

.000 

.000 

.001 

.000 

.000 

.001 

.000 

.000 

.001 

.000 

.000 

.001 

.000 

U<i  4,  iJe-l  in/s;  x  25  mm 


.000 

.000 

.000 

.000 

.000 

.000 

.001 

.002 

.038 

.109 

.262 

,  .271 
.178 
.121 
.048 

-  .125 

-  .161 

-  .103 

-  .154 

-  .068 

-  .034 

-  .103 

-  .105 

-  .045 
.011 
.118 
.213 
.201 
.222 
.186 
.160 
.112 
.049 
.006 
.001 
.000 
.000 
.000 
.000 
.000 
.000 
.000 


.000 

.000 

.000 

.000 

.000 

.000 

.000 

-  .006 

-  .0.18 
.189 

-  .291 

-  .327 

-  .316 

-  .227 

-  .165 

-  .087 

-  .064 
.044 
.005 

-  .023 

-  .055 

-  .021 
.000 
.049 
.056 
.081 
.054 
.187 
.156 
.115 
.092 
.034 
.035 
.015 
.002 
.000 
.000 
.000 
.000 
.000 
.000 
.000 


'  2v' 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.  003 
.034 
.183 

-  .250 

-  .304 
.251 

-  .173 

-  .  138 

-  .031 

-  .010 

.097 

-  .002 
.013 
.011 

-.076 

-  .043 

-.013 

.035 

.078 

.073 

.177 

.154 

.117 

.091 

.032 

.030 

.011 

.004 

.001 

.001 

.000 

.000 

.000 

.000 

.000 


.‘I' I’ I 

.  tiini 
.  lino 
.  non 
.  non 
.  non 
.nnl 
.001 
.0.  ’■ 

.  I  58 
. 2  5 
.206 
.105 
.053 
.008 

-  .120 

-  .033 

-  .067 
.015 
.064 
.029 

-  .0°! 

-  .056 

.063 
.007 
.058 
.095 
.175 
.149 
.140 
.  097 
.047 
.041 
.003 

••  .001 
.001 
.000 
.000 
.000 
.000 
.000 
.000 


\ 


I 


f 
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w 


c 

c 

c 

c 

c 


FILENAME=  A903B025.A_2 


AIR  JET;  d=9.4S,  dt']ta  =  0.2  mm;  theta-30  deg.;  Uj  25,  Ud^4,  Ue-1  m/s-  x=2b 
LDV  SEED  PARTICLES  ADDED  TO  ANNDLUS  FLUID  ONLY 
D051591 


C  47  :  No.  of  data  point. y 


c 

y 

X 

u 

"^3 

V '  M 

w 

"'3 

u' 

"2v' 

V' 

•'2u' 

V ' ' 2w' 

w '  ^2 V ' 

w ' 

-  17 

.69 

24 

.99 

.261 

.329 

.140 

.  151 

.143 

-  .102 

-  .  101 

.041 

-  16 

.53 

25 

.01 

.267 

-  .  ]  64 

.115 

- 

.105 

.059 

-  .  126 

—  .06  /' 

-15 

.48 

24 

.99 

.321 

-  .  137 

.074 

- 

.029 

.020 

-  .  117 

-  .  075 

.011' 

-14 

.  69 

24 

.  98 

.248 

-  .095 

.027 

- 

.033 

- 

.049 

-  .132 

-  .  079 

.040 

-14 

.01 

24 

.99 

.410 

-  .170 

.037 

- 

.117 

.112 

-  .  101 

-  .  069 

.  0  6  2 

- 13 

.40 

24 

.  98 

.168 

-  .079 

.068 

.004 

.031 

-  .050 

.  004 

.  0  4  / 

-12 

.82 

25 

.01 

.050 

.043 

.113 

.029 

- 

.011 

-  .016 

.  03  6 

.018 

- 12 

.01 

25 

.  00 

- 

.142 

.115 

.210 

.  133 

- 

.  0  67 

.045 

.  043 

.  0  0  7 

-11 

.20 

25 

.00 

- 

.235 

.  171 

.244 

.  170 

.104 

.  109 

.  124 

.  C  J'J 

-10 

.40 

25 

.00 

- 

.345 

.427 

.349 

.248 

- 

.221 

.243 

.  252 

.1  13 

-9 

.  60 

25 

.00 

- 

.312 

.348 

.293 

.197 

- 

.  197 

.231 

.  229 

.  129 

-8 

.  80 

25 

.00 

- 

.222 

.289 

.155 

.  131 

- 

.  173 

.  120 

.  091 

.074 

-8 

.20 

24 

.  99 

- 

.150 

.060 

.046 

.016 

.083 

.082 

.  036 

.  021 

-7 

.  62 

25 

.01 

.  197 

-  .232 

- 

.080 

- 

.102 

.157 

-  .009 

-  .  025 

.006 

-7 

.01 

2  5 

.00 

2 

.  837 

-1.276 

- 

.129 

-1 

.462 

1 

.699 

-  .Ill 

-  .  026 

.33/ 

-  6 

.  51 

25 

.00 

11 

.609 

-2 .889 

.099 

-4 

.379 

3 

.450 

-  .320 

-  .  604 

1 

.  327 

-  6 

.  00 

25 

.  00 

18 

.611 

-4.830 

.471 

-7 

.87.2 

6 

.210 

.356 

-2.224 

4 

.239 

5 

.  51 

25 

.00 

28 

.220 

■  7 .149 

7 

.427 

11 

.775 

8 

.520 

.7  51 

-3.024 

4 

.  9')2 

4 

.  99 

25 

.00 

23 

.174 

6.978 

7 

.028 

iO 

.059 

8 

.006 

.693 

-  4 .222 

L 

V  4  1 

4 

.49 

2  5 

.  00 

21 

.120 

-5.820 

6 

.499 

10 

.  168 

7 

.  191 

.079 

-  3 . 757 

4 

.169 

-3 

.  99 

25 

.  00 

6 

.289 

-  .569 

3 

.804 

.  124 

1 

.770 

.270 

-3 . 628 

.7  80 

-3 

.42 

25 

.02 

-14 

.535 

2.925 

2 

.944 

s 

.083 

3 

.381 

.132 

-  .960 

,  1  8  i" 

-2 

.70 

25, 

.01 

-20 

.254 

3 .846 

.696 

7 

.342 

-  5 

.857 

.236 

.  361 

■  2 

.00 

24  , 

.99 

-11 

.104 

5.492 

-1 

.850 

c 

J 

.921 

-6 

.074 

.185 

.481 

.  1 0 

2 

.00 

25, 

.01 

-11 

.171 

-3.596 

.843 

-3 

.840 

-3 

.406 

■  .296 

-  .  908 

_  c. 

.  7  0  8 

2  , 

.69 

25. 

,01 

■21 

.900 

-4.954 

1 

.7  33 

-7 

.388 

■  5 

.302 

.941 

-1 . 421 

-C 

3  . 

.40 

25. 

,00 

13 

.010 

-4.566 

3 

.767 

-5 

.389 

-4 

.775 

.228 

1 . 814 

-4 

.72  8 

3  , 

.98 

24  , 

,99 

-5 

.834 

.727 

.004 

-1 

.806 

- 

.419 

-  .294 

.  508 

.  174 

4  . 

,50 

24  . 

99 

16 

.093 

3.882 

3 

.249 

5 

.358 

3 

.268 

.821 

3 . 870 

.621 

5  . 

.01 

24  . 

98 

24 

.185 

7.797 

-8 

.423 

10 

.242 

8 

.949 

-1.178 

6.353 

8 

.391 

5  . 

49 

24  . 

98 

25 

.639 

8.007 

-6 

.124 

11 

.228 

8 

.7  82 

-  .328 

-  .  009 

.699 

5  . 

99 

24  . 

98 

26 

.3  82 

5  .766 

-4 

.649 

10 

.558 

7 

.555 

-  .  455 

3.451 

b 

.  7  89 

6  . 

49 

24. 

99 

13 

.301 

3  . 141 

-1 

.096 

4 

.855 

3 

.652 

-  .074 

.  753 

1 

.179 

7  . 

01 

24  . 

98 

4 

,060 

1.284 

,007 

1 

.443 

1 

,  537 

.133 

.481 

.  807 

7  . 

59 

25  . 

00 

,335 

.221 

.016 

.172 

,086 

.047 

.  025 

,  098 

8  . 

20 

25  . 

00 

- 

082 

-  .022 

*- 

026 

010 

- 

072 

-  .097 

-  .068 

.031 

8  . 

79 

25. 

00 

- 

172 

-  .193 

- 

167 

- 

.072 

- 

132 

■  .134 

-  .  109 

.  0  6'  6 

9  . 

60 

25  . 

00 

- 

249 

-  .331 

230 

170 

- 

181 

-  .198 

-  .  163 

,070 
,  ■].  ;  2 

10  . 

40 

25  . 

00 

- 

350 

.293 

- 

351 

- 

.158 

- 

192 

-  .  110 

-  .  107 

11  . 

20 

2  5 

00 

267 

-  .356 

- 

27.3 

- 

195 

- 

169 

-  .154 

.131 

0.;7 

12  . 

01 

25  . 

00 

- 

180 

-  .340 

-- 

240 

- 

231 

160 

-  .  182 

-  .  147 

( )  j  Q 

12  . 

81 

25  . 

00 

- 

C47 

-  .184 

179 

.. 

1  27 

141 

-  .064 

-  .  069 

0 

13  . 

41 

25  . 

00 

086 

-  .049 

- 

048 

097 

- 

123 

.011 

-  .  03,> 

( ,  ,j  b 

14  . 

00 

.3  5  . 

00 

07  8 

.036 

028 

- 

055 

1  10 

.043 

-  .  001 

0  ^  3 

14  . 

68 

.3  5  . 

01 

131 

.047 

010 

001 

087 

.027 

.  02  4 

1 

15  . 

49 

2  5  . 

01 

130 

.040 

005 

055 

015 

.050 

.  Oo  1 

1  6  . 

50 

25  . 

00 

208 

.051 

090 

O', 4 

003 

.064 

.  04  4 

U  1  h 

) 


171 


m/o;  x-2^}  mm 


C  FILENAME=  A903B025.J_2 
C 

C  AIR  JET;  d=9.45,  dGlt,a-0.2  mm;  thGta=30  deq.;  Uj-25,  IJa-'l,  lJe-1 
C  LDV  SEED  PARTICLES  ADDED  TO  JKT  FLUID  ONLY'. 

C  D052191 


:  26 

:  No.  of 

data  points 

:  y 

X 

u"'3 

v"'3 

w"'3 

u"'2v' 

V'  ''2U' 

-7.01 

25.00 

13.855 

-5.460 

3.010 

-6.272 

4.230 

-6.50 

25.00 

17.272 

-5.187 

5.331 

-7.624 

5.460 

-6.01 

25.00 

18.251 

-4.925 

4  .715 

-7.718 

5.593 

-5.50 

25.00 

20.809 

-4.370 

4.607 

-6.513 

5.011 

-5.00 

25.00 

5.436 

-1.674 

4.228 

-.865 

1.647 

-4.51 

25.00 

-7.273 

2.122 

2.162 

5.195 

3.396 

-4.00 

25.00 

-21.921 

5.319 

-.640 

10.256 

7.356 

-3.40 

25.01 

-25.331 

6.561 

-2.325 

10.550 

7.150 

-2.71 

25.02 

-12.174 

2.568 

1.293 

5.004 

-3.345 

-2.01 

25.01 

-5.255 

1.436 

-  .054 

2.210 

-1 .340 

-1.33 

25.00 

-2.137 

.856 

-  .063 

.954 

.792 

-.60 

24.99 

-1.319 

.265 

-  .115 

.388 

-  .631 

.00 

25.00 

-1.216 

-.104 

.127 

.072 

-.598 

.59 

25.01 

-1.051 

-  .404 

-  .015 

-.480 

-  .701 

1.28 

24.99 

-2.433 

-  .643 

.104 

-.923 

-  .718 

2  .00 

24.98 

-4.641 

-1.372 

.016 

-1.946 

1.404 

2.69 

24.98 

-12.189 

-3.248 

.038 

-4.895 

3.600 

3.39 

24.99 

-23  .266 

-6.418 

2.523 

-10.427 

-8.047 

3  .98 

25.00 

-20.514 

-5.067 

2.038 

-9.221 

6.379 

4.47 

24.98 

-7.296 

-2.693 

2.246 

-4.897 

-3.119 

5.00 

24.98 

1.975 

.372 

.939 

.620 

1.492 

5.49 

24.98 

16.506 

4.269 

-1.986 

6.126 

4 . 523 

5.99 

24.98 

20.126 

6.432 

-5.531 

8.429 

6.467 

6.50 

24.98 

13.474 

6.336 

-2.452 

7.857 

7 . 868 

7  .00 

24.98 

9.883 

6.012 

-2.636 

6.517 

7.479 

7.58 

25.00 

9.676 

5.570 

-  .398 

5.280 

4 . 515 

'  ''2W' 

w'  ''2v' 

W  '  .1.'  ' 

-  .112 

2.360 

.!  .847 

.316 

2.227 

4  .UGl 

.829 

-2.099 

3  .  i  6 1 

.101 

1 . 695 

2.341 

-  .618 

-  .465 

1  .  3  83 

-  .045 

.07  6 

-1.489 

-  .243 

.398 

3.662 

-  .626 

.925 

-3.148 

-  .063 

1.061 

2.172 

.013 

.384 

-  .  8  2  o 

-  .083 

.181 

-  .556 

.024 

.058 

-  .342 

.013 

.042 

-  .260 

.015 

-  .186 

-  .401 

.023 

-.242 

-  .454 

.019 

-.740 

1.274 

.027 

-  .416 

-1.119 

.312 

-.661 

-2.932 

.092 

-.294 

-3.594 

-.604 

.970 

-1.491 

-  .065 

1.654 

1  ..269 

-  .097 

3.769 

3.363 

-  .351 

3.612 

4.643 

-  .975 

3.087 

3.346 

-  .521 

2.704 

2.973 

-  .067 

2.235 

2.410 

I 

i 


172 


C  FILKNAMKi  A903B250.E_2 
C 

C  AIR  JET;  d-g.-lS,  delta  0.2  mm;  Ch-T.a  JO  dey .  ;  Hj-.'S,  Ua- '1 ,  Me  1 
C  LDV  SEED  PARTICLES  ADDED  TO  EXTERNAL  EtJJll)  ONLY. 

C  DO  b  07  91 

C  5.3  :  No.  of  data  point.r. 


C  y 

X 

u"'3 

V  ■  M 

w ' 

’ '  :i 

u '  2  V ' 

V' 

2li' 

-28.00 

250. 

01 

1.647 

.7 -41 

,000 

.S2f. 

588 

-26.50 

260. 

00 

1.281 

.728 

.173 

.338 

3  60 

-25.00 

250. 

00 

1.445 

.941 

.112 

-  .  492 

472 

-23.50 

250. 

00 

1.204 

.900 

.061 

.322 

37  4 

-22.00 

250. 

00 

1.373 

.710 

.235 

.505 

.’,83 

-20.50 

250. 

00 

.783 

-  .650 

.234 

.286 

1  20 

-14.69 

250. 

01 

1.123 

-  .353 

.160 

.121 

.  L  .i  ^ 

-14.00 

250. 

01 

.542 

.301 

.350 

.208 

,  02  4 

-13.40 

250. 

01 

.336 

.342 

- 

.201 

.060 

,111 

-12.80 

249. 

99 

.618 

.4  47 

- 

.150 

.238 

.  1  61 

-12.01 

249. 

99 

.387 

.041 

.084 

.203 

.116 

-11.20 

249. 

99 

.731 

.237 

.305 

.097 

- 

.  121 

-10.40 

249. 

99 

.204 

.098 

- 

.108 

.350 

~ 

.  3  7  3 

-9.60 

249  . 

99 

.3  63 

-  .178 

.137 

.342 

.  384 

-8.81 

249. 

99 

-  .013 

-  .262 

- 

.273 

.380 

- 

.307 

■8.20 

249. 

99 

.107 

-  .024 

.346 

.134 

.3  45 

■7 .61 

249. 

99 

.229 

-  .107 

- 

.307 

.051 

.475 

-7 .01 

249. 

99 

-  .Ill 

.227 

.016 

.304 

.  533 

-6.50 

249. 

99 

.286 

-  .108 

- 

.477 

.346 

- 

.420 

-6.01 

249. 

99 

-  .097 

.032 

.026 

.37  4 

- 

.  638 

-5.51 

249. 

.99 

.286 

-  .205 

.058 

.311 

.310 

-5.01 

249. 

99 

-  .234 

.082 

- 

.227 

.451 

- 

.  590 

-4.50 

249. 

99 

-  .265 

.004 

- 

.264 

.630 

- 

.  610 

■4.01 

249. 

99 

-  .165 

-  .068 

- 

.183 

.338 

- 

.  628 

-3.39 

249. 

99 

-  .185 

,028 

- 

.171 

.406 

.787 

-2  .70 

249. 

99 

-  .365 

-  .084 

.039 

.568 

- 

.762 

-2  .01 

249. 

,99 

-  .128 

.162 

.113 

.665 

.935 

-1.30 

249. 

,99 

-  .187 

.011 

- 

.274 

.485 

- 

.684 

-  .61 

249. 

,99 

-  .222 

.205 

- 

.225 

.588 

- 

,604 

.00 

249. 

,99 

-  .157 

-  .118 

,177 

.  566 

" 

.7  67 

.60 

249. 

.99 

.103 

.174 

- 

.152 

.292 

• 

.586 

1.29 

249. 

.99 

.003 

.230 

- 

.088 

.208 

.861 

2.00 

249. 

.99 

-  .126 

,096 

- 

.019 

.259 

.7  97 

2  .70 

249. 

.99 

-  .608 

.116 

.019 

.114 

.766 

3 .39 

249. 

.99 

-  .070 

.059 

- 

.021 

-  .145 

- 

.684 

3.99 

249. 

.99 

-  .338 

.048 

- 

.106 

-  .101 

“ 

.  650 

4 .49 

249. 

.99 

.183 

.094 

.121 

.066 

.724 

5.00 

249. 

.99 

.004 

.197 

.284 

.  186 

.  831 

5.49 

249. 

.99 

-  .085 

.256 

.080 

.451 

.835 

12.00 

250. 

.01 

.483 

.427 

- 

.032 

.174 

• 

.3  55 

13 .40 

250. 

.01 

.752 

.516 

.082 

.  103 

.066 

14 .00 

250. 

.01 

.786 

.465 

.002 

•  .095 

.  075 

14 . 69 

250 

.01 

.825 

.587 

.306 

-.192 

- 

.308 

15.49 

250 

.01 

.7  67 

.670 

.330 

.006 

- 

.217 

16.50 

250 

.01 

.911 

.752 

.024 

-  .132 

- 

.204 

17.71 

250 

.01 

1.210 

.708 

.066 

.293 

.  001 

19.00 

250 

.01 

.682 

.771 

- 

.042 

.114 

.089 

20.50 

250 

.01 

1.323 

.592 

.326 

.169 

“ 

.  040 

22.00 

250 

.01 

1.465 

.846 

.012 

.381 

.327 

23.50 

250 

.01 

1.489 

.922 

- 

.009 

.  4  63 

.422 

25.00 

250 

.01 

1.220 

.764 

.255 

.384 

.346 

28.00 

250 

.01 

1.064 

.751 

.330 

.260 

.  323 

29.50 

250 

.01 

2.430 

1.198 

.268 

.470 

.  884 

m/i: ;  x-2‘.0  inni 


"'2w' 

w""  2v' 

.0  60 

.  328 

.053 

.481 

.092 

.471 

.022 

.i.r/ 

.07  4 

.408 

.160 

.  61  3 

.119 

-.486 

■  .083 

-  .  474 

.001 

■  ..390 

■  .  100 

-  .270 

.084 

-  .231 

-  .115 

.  335 

.004 

.254 

.017 

-  .  17  8 

-  .  103 

-  .  115 

.072 

-  .100 

.126 

-.159 

-  .038 

-  .  180 

-  .069 

.037 

-  .062 

-  .119 

-  .  114 

.005 

-  .040 

-  .032 

-  .054 

.003 

.070 

.098 

.088 

.059 

-  .046 

.010 

-  .032 

-.003 

-  .008 

-.041 

-  .005 

-.068 

-  .094 

.080 

-  .178 

-  .097 

-  .188 

-.047 

.087 

.080 

-  .173 

-.145 

.055 

-  .023 

.004 

.116 

.089 

.291 

.068 

.124 

.075 

.171 

.156 

.330 

-  .041 

.214 

.068 

.361 

.233 

.346 

.239 

.313 

.067 

.401 

.189 

.340 

.081 

.392 

.250 

.428 

.164 

.557 

-  .058 

.205 

.017 

.357 

.083 

.458 

.065 

.525 

.-IL. 

.  0)7 

.  307 
.  7  9  i 
.099 

-  .(;77 
.  j  J4 
.100 

-  . 

■  .097 

-  .  3  J  'i 
.299 
.431 

^  .c55 
.412 

•  r.oi 

-  .4  01 

-  .0/3 

-  .CIS 

-  .641 

-  .940 

-  .099 

-  .670 
.981 

-  .611 

-  .483 
.077 

-  .986 
-1.092 

-  .872 

-  .944 

-  .691 

-  .430 

-  .434 

-  .68.3 

•  .748 

-  .676 

-  .799 

-  .292 

-  .143 

-  .138 

-  .164 

-  .337 
-.114 

-  .051 
.201 

-  .039 
.011 
.110 
.263 
.274 
.675 
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C  AIR 

JET;  d--=9 

.45, 

dcita--0 , 

,  ^ 

nun;  thci 

L.>  36  il' 

Uj  .;5, 

ua  ^ 

1 ,  1 

m/i 

X-2‘ 

)0  mill 

C  LDV 

SEED  PARTICLES  ADDED 

TO  ANNULU: 

9  l'l,tn!> 

OtJI.Y  . 

C  DO 52 091 

C  69 

:  No.  of 

data  points 

C  y 

X 

u 

"'3 

V  ‘ 

'-3 

W '  'Vi 

w'  ''2V' 

V" 

‘2n' 

V'  ' 

'2w' 

VI'  ■‘2v ' 

vr  ' 

-29.61 

250.01 

1 

.057 

- 

,723 

.070 

..^98 

.338 

- 

.022 

.r.'.’/ 

-28.00 

250.01 

1 

.3  58 

555 

.088 

.  387 

.334 

.000 

.24  3 

.37  5 

-26.50 

250.01 

.849 

- 

564 

.  173 

-.367 

.355 

.Oil 

,  195 

■  3*7 

-25.00 

250.01 

1 

.010 

4  59 

-  .114 

.327 

.163 

,  03  6 

,42  3 

.JtBS 

-23.50 

250.01 

1 

.248 

910 

.107 

.566 

.687 

,154 

..'■4  5 

.25S 

-22 .00 

250.01 

1 

.069 

617 

.024 

.358 

.225 

.  LOO 

.  34K 

.  .185 

-20.50 

250.01 

1 

.385 

,655 

.063 

.333 

.094 

.005 

.289 

.Oi9 

-19.01 

250.01 

1 

.016 

,420 

-  .012 

-.216 

.200 

.134 

.  37  1 

.  1  90 

-17.70 

250.01 

1 

.490 

,592 

-.198 

.211 

.263 

.125 

.381 

,14  8 

-lb. 50 

250.01 

1 

.4  59 

,581 

.005 

.349 

.3  46 

.008 

.  416 

.  108 

-15.49 

250.01 

.813 

,539 

-  .345 

.089 

.229 

- 

.019 

.341 

.081 

-14.70 

250.01 

.724 

- 

,27  3 

.083 

.025 

.097 

.023 

.  485 

.214 

-13.99 

250.01 

1 

.043 

,270 

.197 

.019 

.243 

.010 

.17  4 

.008 

-13.40 

249.99 

.906 

,545 

-  .079 

.021 

.025 

.201 

-  .  188 

.117 

-12.80 

249.99 

.504 

.436 

.001 

.113 

.007 

.023 

■  .072 

.  1V4 

-12.01 

249.99 

.743 

.027 

-  .291 

.011 

;063 

.020 

.266 

- 

.143 

-11.20 

249.99 

.582 

.280 

.  107 

.175 

- 

.201 

- 

.024 

.256 

.2  51 

-10.40 

249.99 

.271 

,078 

-  .169 

.  .265 

.288 

- 

.044 

-  .  335 

.  .1 1 2 

-9.60 

249.99 

.602 

- 

,322 

-  .087 

.186 

- 

.183 

- 

.200 

-.143 

~ 

.345 

-8.80 

249.99 

.443 

- 

.208 

-  .456 

-  .007 

- 

.170 

- 

.131 

-  .  169 

.  3  2  6 

-8.19 

249.99 

.045 

- 

.018 

-  .319 

.555 

- 

.394 

- 

.048 

.169 

• 

.  089 

-7.61 

249.99 

.503 

,013 

-  .072 

-  .096 

- 

.193 

- 

.020 

• .  293 

.  3  55 

-7 .00 

249 . 99 

.176 

- 

.195 

-  .162 

.316 

.481 

- 

.  132 

-  .  199 

“ 

.  5  3  3 

-6.50 

249.99 

.503 

- 

.204 

-  .256 

.372 

- 

.480 

- 

.083 

.  020 

.4  84 

-6.01 

249.99 

.251 

.050 

-  .025 

.313 

- 

.508 

- 

.075 

-  .  132 

■ 

.  470 

-5 .51 

249.99 

.347 

- 

.133 

-.101 

.216 

- 

.277 

- 

.023 

-  .  100 

.  4  62 

-4 .99 

249.99 

.413 

.167 

-.241 

.413 

- 

.609 

- 

.016 

-  .220 

.531 

-4 .49 

249.99 

.138 

.113 

-  .022 

.481 

- 

.467 

.017 

.  022 

.  6  6/ 

-4 .01 

249.99 

.429 

.150 

-  .007 

.246 

.346 

.067 

- .  186 

.406 

-3 .39 

249.99 

.171 

_ 

.033 

.007 

.126 

- 

.584 

.050 

■  .  137 

.  5  8 1 

-2 .69 

249.99 

.188 

- 

.010 

-  .104 

.278 

- 

.646 

- 

.071 

.  109 

- 

.  519 

-1 .99 

249.99 

.033 

- 

.151 

-.175 

.321 

.712 

.  066 

-.099 

.547 

-1.29 

249 . 99 

.081 

.043 

.110 

.155 

“ 

.560 

.072 

-  .  041 

.7  06 

-  .61 

249.99 

.028 

- 

.160 

-  .092 

-.051 

- 

.675 

.050 

-  .023 

' 

.489 

.01 

249.99 

.349 

_ 

.010 

.012 

.003 

- 

.473 

.214 

.  170 

• 

.  ■/ 1 1 

.  60 

249 . 99 

.039 

.009 

.030 

.076 

- 

.401 

- 

.019 

.052 

“ 

.7  56 

1 .30 

249.99 

.116 

- 

.114 

-.164 

-.106 

- 

.681 

.050 

.093 

“ 

.493 

2 . 00 

249.99 

.214 

.088 

.024 

-  .161 

- 

.746 

.057 

-  .  116 

.  523 

2 .71 

249.99 

.018 

.194 

.065 

-  .153 

- 

.776 

.064 

-  .017 

- 

.  580 

3 .41 

249.99 

.102 

.206 

.460 

-.187 

- 

.399 

.113 

-  .  123 

.608 

4 .01 

249.99 

.006 

- 

.105 

-  .106 

-  .277 

- 

.593 

.043 

- .  193 

.  580 

4 . 49 

249.99 

.357 

.184 

.191 

-.005 

- 

.611 

.004 

.014 

- 

.  653 

5 . 01 

249.99 

.584 

.072 

-  .045 

-  .016 

.386 

.076 

.010 

.441 

5.49 

249.99 

.331 

.192 

-.020 

.052 

- 

.277 

.054 

- .  065 

- 

.443 

6.00 

249.99 

_ 

.042 

.043 

.094 

-  .210 

- 

.471 

.140 

.021 

.  338 

6.50 

249.99 

.136 

.015 

-  .094 

-  .186 

- 

.410 

.056 

.  181 

.  593 

7 .01 

249.99 

.015 

.047 

-  .007 

-  .341 

.531 

.220 

.028 

.  807 

7 .59 

249.99 

.846 

.108 

-  .115 

.019 

- 

.364 

.024 

.  068 

.  4  57 

8.20 

249.99 

.481 

.137 

-.143 

-  .105 

- 

.363 

.108 

.059 

~ 

.481 

8.81 

249.99 

.036 

.038 

-.172 

-  .403 

- 

.392 

.  117 

.043 

.  372 

9.60 

249.99 

.305 

.000 

-.084 

.283 

- 

.334 

.109 

.012 

.322 

10.41 

249.99 

.898 

.050 

.004 

.206 

- 

.228 

.114 

.  064 

~ 

.  3  17 

11.19 

249.99 

.871 

.322 

.251 

.076 

- 

.048 

.161 

.241 

.365 

12.01 

249.99 

1 

.022 

- 

.009 

.063 

.183 

- 

.093 

.119 

.201 

.010 

12  .81 

249.99 

.710 

.139 

.102 

.047 

- 

.071 

.075 

-  .013 

“ 

.,171 

13 .40 

249.99 

1 

.086 

.044 

-  .165 

.091 

- 

.169 

.  006 

.  134 

" 

.037 

14  .01 

249.99 

.483 

- 

.008 

-.198 

-  .044 

- 

.143 

- 

.010 

.  073 

.  1  79 

14 .69 

249.99 

.720 

.276 

-.027 

-.076 

- 

.066 

.084 

.351 

.245 

15.51 

249.99 

1 

.189 

.184 

.062 

.115 

.004 

.018 

.  156 

.  035 

'  16.50 

249.99 

1 

.167 

.337 

-  .119 

.098 

.047 

.031 

.  234 

.043 

17.69 

19.01 

249.99 

249.99 

.707 

.915 

— 

.647 

.527 

-.210 

-.112 

.052 

.211 

.213 

.204 

.104 

.095 

.  335 
.397 

.080 
.  .’00 

20.50 

249.99 

1 

.223 

.346 

-  .182 

.308 

.088 

.044 

.4  30 

.082 

22.00 

249.99 

.906 

.268 

-  .401 

.085 

.021 

.025 

.  355 

23.50 

249.99 

1 

.135 

.430 

-.138 

.358 

.226 

.038 

.249 

.103 

25.00 

249.99 

1 

.077 

.582 

-.092 

.482 

.362 

- 

.008 

.266 

.165 

26.50 

249.99 

.995 

.467 

.071 

.234 

.089 

.028 

.387 

.250 

28.00 

249.99 

.730 

.362 

-.147 

.159 

.095 

.040 

.377 

.317 

29.49 

249.99 

1 

.152 

.629 

-.046 

.436 

.349 

.049 

.400 

..>85 

> 
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C  AIR 

JET; 

d^:9 

•  45, 

delta  =0 

.2 

nini ; 

theta 

:=30  deq 

C  LDV 

SEED  PARTICLES  ADDED 

TO  JET 

El.Uin  ONLY. 

C  DOfi.' 

>191 

C  G9 

;  No.  of 

data  points 

C  y 

>! 

u 

'  '3 

V 

'  ''3 

w 

'"3 

-29.51 

24  9. 

99 

1 

.265 

.0  65 

-- 

.139 

-28.00 

249. 

99 

.968 

.621 

.008 

-  .26  .-IS 

249. 

99 

1 

.099 

.522 

.049 

■25.00 

249. 

99 

1 

.181 

.670 

- 

.03:: 

-23.50 

249. 

99 

.796 

.  4  92 

.061 

-22 .00 

249. 

99 

1 

.320 

.519 

.096 

-20.51 

249. 

99 

1 

.631 

- 

.543 

.0  62 

-19.00 

249  . 

99 

.525 

.605 

' 

.039 

-17.69 

24  9  . 

99 

1 

.055 

.492 

.  1  57 

-16 . 50 

250. 

01 

.726 

.•5  77 

.382 

-15.49 

250. 

01 

.652 

.  2  63 

.03.3 

-14.70 

250. 

01 

.866 

.  146 

.021 

-13.99 

250. 

01 

.671 

.415 

- 

.  390 

-13.40 

250. 

01 

.608 

.126 

.034 

-12.80 

250. 

01 

.707 

- 

.276 

- 

.126 

-11.99 

250. 

01 

.708 

.038 

.  153 

-11  . 19 

250. 

01 

.456 

.024 

.489 

-10.40 

250. 

01 

.134 

- 

.262 

.3  61- 

-9.60 

250. 

01 

.831 

.."03 

- 

.244 

-8.80 

250. 

01 

.306 

.295 

.461 

-8.20 

250. 

01 

.17  6 

.292 

* 

.282 

-7.59 

250. 

01 

.353 

.151 

- 

.223 

-7.00 

250 . 

01 

.546 

.016 

.  223 

-6.49 

250. 

01 

.492 

.210 

- 

.496 

-5.99 

250. 

01 

.334 

- 

.087 

.006 

-5.51 

250. 

01 

- 

.3  69 

.411 

.148 

-4.99 

250. 

01 

.138 

.043 

.051 

-4.49 

250. 

01 

- 

.456 

.003 

.021 

-4.01 

250. 

01 

.150 

.141 

- 

.107 

-3.40 

250. 

01 

.161 

.028 

.125 

-2.70 

250. 

01 

.007 

- 

.001 

.067 

-1.99 

250. 

01 

.144 

.108 

- 

.365 

■1.29 

250  . 

01 

.080 

- 

.120 

.215 

-  .61 

250. 

01 

.100 

.252 

- 

.350 

.00 

250. 

01 

.334 

- 

.194 

- 

.054 

.60 

250. 

01 

- 

.119 

.004 

- 

.001 

1.29 

250. 

01 

.089 

- 

.080 

- 

.165 

2.00 

250. 

01 

- 

.497 

.041 

.081 

2.69 

250. 

01 

.331 

.068 

- 

.171 

3.41 

250. 

01 

.081 

.201 

' 

.157 

4.01 

250. 

01 

.. 

.372 

.168 

- 

.170 

4.51 

250. 

01 

.176 

.071 

- 

.135 

5.00 

250. 

01 

.294 

.130 

.050 

5.51 

250. 

01 

- 

.014 

.115 

.050 

6.00 

250. 

01 

.502 

.135 

.086 

6.49 

250. 

01 

.062 

.124 

- 

.064 

7.01 

250. 

01 

.401 

.066 

.048 

7.60 

250. 

01 

.429 

- 

.188 

.060 

8.20 

250. 

01 

.151 

- 

.064 

.015 

8.00 

250. 

01 

.032 

.087 

- 

.050 

9.61 

250. 

01 

.354 

.069 

- 

.126 

10 . 40 

250. 

01 

.592 

.039 

- 

.145 

11.19 

2  50. 

01 

.492 

.107 

.236 

11  .99 

250. 

01 

.770 

.3  54 

- 

.163 

12.81 

250. 

01 

.806 

.313 

.169 

13.41 

250. 

01 

.823  ■ 

.239 

.037 

14.01 

250. 

01 

.628 

.  1  00 

- 

.054 

14.69 

250. 

01 

1 

.043 

.  225 

.228 

15.49 

250. 

01 

.842 

.499 

- 

.026 

16.50 

250. 

01 

.634 

.333 

- 

.049 

17 . 69 

250. 

01 

1 

.208 

.202 

.222 

19.01 

250  . 

01 

1 

.222 

.093 

.099 

20.50 

250. 

01 

.877 

.179 

- 

.003 

21.99 

250. 

01 

.876 

.283 

.075 

23.51 

250. 

01 

1 

.154 

.275 

.022 

25.00 

250. 

,01 

1 

.194 

.254 

- 

.038 

26.50 

250. 

,01 

1 

.210 

.508 

- 

.155 

28.00 

250. 

,00 

.804 

.429 

- 

.153 

29.50 

250. 

,00 

.854 

.635 

.028 

tlj  25, 

Ua  4,  Ue^ 

1  m/;:;  x 

2  50  mm 

'  V ' 

V '  ■"  ,:u  ' 

V'  2W' 

v/"'2v ' 

w '  1  i ' 

.  4  m 

3  9  2 

.0  19 

.381 

.  i  i  ! 

.279 

.  303 

-  .033 

■  .  341 

.  4  ij  ^ 

.  3')5 

.287 

-  .0  62 

.  3  87 

. 

•  .‘.39 

.41.'; 

.  099 

-  .  296 

. 4  2 

.  ,;8;: 

..:57 

.107 

.  34  5 

.  ',57 

.  .:97 

.2t>8 

.022 

.468 

.  1  'Ih 

.296 

.114 

.045 

■  .392 

.  1  -3  5 

.005 

.163 

■  .173 

.336 

.  155 

.o;;7 

.098 

.017 

-  .127 

.07  2 

.005 

.  176 

.011 

-  .459 

.o;;j 

.136 

.  189 

.007 

-  .297 

.  1  OG 

.018 

.069 

.074 

-  .  197 

.0-55 

.210 

.003 

.101 

-  .22  0 

-  .060 

.  3  ;■!  5 

-  .;;70 

.055 

-  .  166 

.121 

.265 

-  .153 

-  .146 

-  .  307 

-  ,  015 

.4  65 

-  .204 

-  .094 

-.179 

-  .2  35 

.132 

-  .092 

-  .216 

-  .201 

-  .260 

.4  90 

■  .311 

.055 

-  .  17  5 

-  .4  54 

.041 

-  .3  63 

-  .001 

-  .  020 

.  40 '3 

.  155 

.314 

.106 

.091 

-  .274 

.710 

-  .  687 

-  .094 

-  .059 

•  .504 

.631 

-  .595 

.000 

-  .03  5 

•  .303 

.  288 

-  .  482 

-  .096 

-  .  155 

-  .448 

.278 

■■  .413 

.120 

.021 

.480 

.284 

-  .427 

-  .116 

■  .  112 

-  .4  74 

.264 

-  .372 

.057 

-  .  144 

-  ..2  90 

.086 

-  .520 

.027 

-  .067 

-  .3  50 

.477 

-  .699 

-  .059 

-  .  256 

-  .  613 

.255 

-  .41.3 

-  .033 

-  .103 

•  .3  3.2 

.242 

-  .  594 

.022 

-  .043 

.551 

.269 

-  .716 

.214 

-  .070 

-  .533 

.176 

-  .572 

-  .  122 

.050 

-  .588 

.018 

-  .775 

-  .205 

.096 

-  .495 

.  109 

-  .709 

-  .101 

- .  07 1 

-  .566 

-  .025 

-  .  687 

.022 

-  .043 

-  .537 

-.313 

-  .684 

-  .077 

-.095 

-  .6  09 

-  .043 

-  .616 

.020 

.011 

-  .510 

.138 

-  .747 

■  .016 

.065 

-  .498 

-  .147 

-  .685 

-  .156 

.07  4 

-  .  539 

-  .246 

-  .641 

-  .033 

-.014 

-  .519 

-  .208 

-  .695 

-  .058 

-  .095 

■  .526 

.085 

-  .748 

-  .117 

.014 

■  .483 

-  .284 

-  .  666 

.011 

.088 

-  .7  28 

-.312 

-  .552 

.045 

.044 

■•  .561 

-  .319 

-  .416 

.094 

.036 

-  .558 

.343 

-  .383 

.031 

.036 

-  .930 

-  .402 

-.476 

.020 

.  131 

-  .  3  23 

.020 

-  .404 

.074 

.054 

-  .6  05 

-  .280 

-  .540 

.026 

.063 

-  .4  68 

-  .267 

-  .434 

.010 

.14  5 

-  .4  90 

-  .3  53 

-  .317 

.173 

.063 

-■  .218 

-  .221 

-  .228 

-  .001 

.127 

.  .179 

-  .300 

-  .082 

.046 

-  .022 

-  .2-1H 

-  .019 

-  .050 

.030 

.  284 

-  .305 

.113 

-  .139 

-  .065 

.318 

-  .463 

■  .195 

.138 

.076 

.222 

-  .2  57 

.007 

-  .007 

.113 

.203 

.  1.54 

.040 

-  .079 

.032 

.267 

-  .117 

.044 

-  .061 
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